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LEE APPOINTED DIRECTOR OF MARSHALL SPACE FLIGHT CENTER

NASA Administrator Richard H. Truly today announced the
appointment of Thomas J. (Jack) Lee to be Director of the
Marshall Space Flight Center, Huntsville, Ala., effective
immediately.

Lee, 54, succeeds James R. Thompson, Jr., who was selected
by President Bush to be the NASA Deputy Administrator.

Lee has been the Marshall Center's Deputy Director since
December 1980, after 7 years as manager of the Spacelab program
at the center. From July to September 1986, he served as Acting
Director of the center.

In addition to his responsibilities as Deputy Director, Lee
has served as Manager of the Heavy Lift Launch Vehicle Definition
Office, which is leading NASA's efforts to define and develop a
heavy 1lift launch vehicle capable of meeting national
requirements.

As Marshall Center Director, Lee is charged with overall
management of one of the largest and most diversified of the NASA
field centers. The center, with 3,500 employees, has
responsiblity for the design and development of space
transportation systems, orbital systems, scientific and
applications payloads, and other projects for present and future
space exploration, research and commercial developments.
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Lee began his professional career in 1958 as an aeronautical
research engineer with the U.S. Army's Ballistic Missile Agency
at Redstone Arsenal, Ala. He transferred to the Marshall center
when it was formed in 1960 as a systems engineer with the
center's Centaur Resident Manager Office located in San Diego,
Calif. From 1963 to 1965, he was Resident Project Manager for
the Pegasus Meteoroid Detectioi. fatellite Project, Blandenburg,
Md., and, from 1965 to 1969, was thief of the center's Saturn
Program Resident Office at the Kennedy Space Center, Fla. In
1969, he became Assistant to the Technical Deputy Director of the
Marshall Center and served in that position until 1973. He then
served as Deputy Manager and Manager of the Sortie Lab Task Team,
and continued as Manager when that team became the Spacelab
Program Office in 1974.

As Manager of the Spacelab Program Office, he was
responsible for NASA's work with the European Space Agency in the
development of Spacelab, a multipurpose reusable laboratory for
Earth orbital science activities.

Lee was awarded the NASA Exceptional Service Medal in 1973,
the NASA Distinguished Service Medal in 1984 and in 1988, the
Presidential Rank of Meritorious Executive.

He is an Associate Fellow of the American Institute of
Aeronautics and Astronautics and a registered professional
engineer.

A native of Wedowee, Ala., Lee studied aeronautical
engineering at the University of Alabama, receiving his bachelor
of science degree in 1958. 1In 1985, he completed the Advanced
Management Program at the Harvard School of Business.

Lee and his wife, the former Jean Manning of Scottsboro,
Ala., live near New Market, Ala., and have two children, Kevin
and Patrick.

- end -~

This release and other NASA information is available
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HARRIS CORP. SELECTED FOR ADVANCED COMMUNICATIONS TECHNOLOGY WORK

NASA Lewis Research Center, Cleveland, today announced the
selection of the Harris Corp., Melbourne, Fla., for final
negotiations leading to award of a contract to develop a

prototype Earth station for use with the Advanced Communications
Technology Satellite (ACTS).

ACTS is a key element in NASA's efforts to develop high-
risk, advanced communications technology usable in the higher
frequency bands to support our nation's future communications
needs. Realization of this goal will enable the U.S. to maintain
preeminence in satellite communications.

The prototype unit will be developed on the basis of cost-
plus~-incentive~fee. The contract will become effective in late
summer and last approximately 24 months. The contractor-proposed
price is $3.4 million for the prototype development.

The proposed Earth station will have the capability for
multichannel voice and data services at data rates up to 1.544
megabits per second. The prototype unit will be designed so that
additional units can be built at low cost for the ACTS experiment
program. The anticipated contract will include options for the
procurement of additional low-cost units, depending upon the
future needs of the ACTS experiment program.

ACTS is under development for launch from the Shuttle in May
1992 for a planned 2-year experiments mission. The ACTS systen
will be made available to the public and private sectors
(corporations, universities and government agencies) for
experimentation. Experimenters will test, evaluate and determine
the feasibility of key ACTS system technologies.

Work on the prototype Earth station will be performed at the
contractor's plant in Palm Bay, Fla.
- end -
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BALLHAUS RESIGNS AS DIRECTOR OF NASA'S AMES RESEARCH CENTER

Dr. William F. Ballhaus, Jr., has resigned as Director of
NASA's Ames Research Center, Mountain View, Calif., effective
July 15.

Ballhaus served as Director of the center from January 1984
through January 1988 and from February 1989 until the present.
As Director, he was responsible for all research and development
programs and the overall management of Ames and the Ames-Dryden
Flight Research Facility, Edwards Air Force Base, Calif. Ames
and Ames-Dryden, which together have more than 5,000 employees,
conduct research and development programs in the fields of
aeronautics, life science, space science, space technology and
flight research.

Ballhaus also served as Acting Associate Administrator for
Aeronautics and Space Technology, NASA Headquarters, Washington,
D.C., from February 1988 through March 1989. In this temporary
position, he was responsible for direction of NASA's aeronautics
and space technology programs, as well as the institutional
management of NASA's Ames, Langley and Lewis research centers.

Citing inadequate compensation for senior federal executives
and vague new post-government employment regulations as factors
in his decision, Ballhaus expressed regret at leaving federal
service. "It has been a privilege to have worked for NASA for
the last 18 years. I will miss the agency and the many
outstanding people with whom I have shared so many wonderful
experiences," he said. "It is a terrific organization and will
be an exciting place to be under Dick Truly's outstanding
leadership; however, my family situation is such that public
service in the current environment is no longer a viable option
for me."
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Ballhaus began his NASA career in 1971 at NASA Ames in the
Computational Fluid Dynamics Branch. In 1979, he became Chief of
the Applied Computational Aerodynamics Branch. He served as
Director of Astronautics for the center from 1980 through 1984.

Throughout his career, Ballhaus has received many
distinquished awards, including: the Presidential Rank of
Distinguished Executive, the Presidential Rank of Meritorious
Executive, the Senior Executive Association's Distinguished
Executive Service Award and ‘the American Institute of Aeronautics
and Astronautics (AIAA) Lawrence Sperry Award for his pioneering
work in numerical methods and computer codes for predicting
transonic flow fields about aerodynamic configurations.

Ballhaus recently completed a l-year term as President of
the AIAA. He is a Fellow of the AIAA and the Royal Aeronautical
Society and has been elected to the National Academy of
Engineering and the International Academy of Astronautics. He

serves on advisory boards for a number of academic and research
institutions.

An honors graduate of the University of California at
Berkeley, Ballhaus received his B.S. in mechanical engineering in
1967, M.S. in mechanical engineering in 1968 and Ph.D. in
engineering in 1971. He served in the U.S. Army Reserve from
1968 to 1976, achieving the rank of Captain.

A Los Angeles native, Ballhaus is married to the former Jane
Kerber. They have four children.

- end -
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NASA, CANADIANS TO FLY PLASMA EXPERIMENT ON OMV MISSION

NASA is planning to fly a Canadian experiment to measure the
behavior of radio waves in space and properties of the upper
atmosphere, the ionosphere, during the demonstration flight of
the Orbital Maneuvering Vehicle (OMV), according to a proposal
recently agreed to by the Canadian Space Agency.

The ionosphere layer causes reflection of shortwave radio
signals and therefore, allows global communications. It also is
the region that first begins to filter solar radiation that could
be harmful to life on Earth.

The maiden voyage of the OMV, a remotely controlled,
reusable "space tug" designed to perform a number of tasks
including maneuvering other spacecraft on orbit, is currently
scheduled for launch aboard the Space Shuttle Endeavour in 1993.

Its payload will be a 3-part, high-frequency radio wave
experiment called Waves in Space Plasma (WISP-HF). Developed by
the National Research Council of Canada, the experiment will
measure the interaction of an antenna with the tenuous upper
atmosphere that has been transformed into a plasma -- a gas of
charged particles -- by sunlight. This layer is called the
ionosphere.

This interaction will be measured close to the antenna.
WISP-HF will study the propagation of radio waves through the
ionosphere within a few miles or so of the antenna and then make
measurements with the OMV up to 60 miles from the orbiter to
clarify the scale structure and behavior of the ionosphere.

- more -
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WISP-HF is the high-frequency portion of a collaborative
U.S.-Canadian investigation that was scheduled to be flown on one
of the first space plasma laboratory missions in the 1990s.

These missions were delayed due to the Challenger accident.
Flight of the WISP~-HF hardware on the OMV-1 mission will
accomplish many of the original science objectives while
requiring only limited modification to the hardware.

By operating the transmitter at heights near the maximum
density of the ionosphere, radio waves will be sent directly or
bounced between the orbiter and WISP/HF receiver aboard OMV-1.
Instruments aboard the orbiter and OMV-1l will monitor
disturbances in ionospheric plasma.

The WISP-HF equipment will generate, receive and process
signals in the 0.1- to 30-MHz range. The orbiter-based
transmitter will have variable pulse-power levels up to 500 watts
and will use a dipole antenna, 164 feet tip-to-tip.

WISP-HF receivers will be located both on the orbiter and on
OMV-1. During its checkout, the OMV-1l, remotely controlled from
the ground, will be flown as far from the orbiter as 60 miles.

The OMV project, WISP-HF mission integration and hardware
for integrating the WISP-HF to the OMV-1l will be managed at the
Marshall Space Flight Center, Huntsville, Ala.
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NASA AND GERMAN MINISTRY SIGN SPACE TRANSPORTATION AGREEMENT

Richard H. Truly, NASA Administrator, and Heinz Riesenhuber,
Federal Minister for Research and Technology of the Federal
Republic of Germany, today signed a memorandum of understanding
in Washington, D.C., enabling the launch of German payloads on
the Space Shuttle.

This agreement confirms general understandings for the terms
and conditions under which NASA will furnish launch and
associated services on a reimbursable basis consistent with U.S.
and German space policy. Under the MOU, specific launch services
agreements or other agreements will be signed for each activity.

" The first flight will be the D-2 Spacelab mission, currently
scheduled for launch in February 1992. It will carry German
materials processing and life sciences experiments and a small
number of NASA experiments. The crew will include two German
payload specialists. The Federal Republic of Germany (FRG) has
paid earnest money to NASA for an additional mission, the D-3
Spacelab, currently scheduled for launch in November 1993.

Under a similar agreement signed in April 1981, the FRG's
D-1 Spacelab mission was successfully completed in November
1985. The D-1 mission carried materials processing and life
sciences experiments. The crew included two German and one Dutch
payload specialists.

FRG has long been a supporter of Space Transportation System
utilization and contributed 40 percent to the European Space
Agency development of the Spacelab. FRG, as a member of the
European Space Agency, will also contribute significantly to the
development of the Space Station Freedom.

- end -
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N89-51
EDITORS NOTE: AIRCRAFT/HEAVY-RAIN BRIEFING/DEMONSTRATION SET

A briefing for news media will be held July 24 at NASA's
Langley Research Center, Hampton, Va., on prelxmlnary results
from a series of NASA tests that indicate heavy rain may reduce
aircraft wing performance when it is most needed - during landing
approach or takeoff in the presence of a microburst storm.

NASA's heavy rain research is part of the NASA-FAA airborne wind
shear detection and avoidance program.

Microbursts, the most dangerous type of wind shear, are
small, intense downdrafts which, upon striking the ground, spread
out into a circular vortex, radiating in all directions. When
microbursts are encountered during approach or takeoff, pilots
usually have little time to react to maintain the desired flight
path. Between 1964 and 1985, there were at least 26 -accidents
involving 500 fatalities and more than 200 injuries where wind
shear was the direct cause or a contributing factor.

Understanding heavy rain is important to the study of wind
shear. In cases where greater than usual lift is required of an
aircraft wing, as in a low-altitude encounter with wind shear,
heavy rain may reduce wing performance when it is most needed.
Modern wings rely on smooth, uninterrupted flow of air across
wing surfaces for maximum wing performance. Wind tunnel tests
suggest that heavy rain disrupts wing airflow.

The -briefing will be held in Building 1261 at 9:30 a.m. A
demonstration will take place shortly after the briefing.
Researchers will be available for individual interviews after the
demonstration.

The demonstration tests will be visually dramatic. Please
note that it may require more than one camera to adequately
record this high-speed event. A news release, video and
photographs will be available.

- end -
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NASA EXHIBIT AT EAA FOCUSES ON "INVESTING IN THE FUTURE"

NASA returns to Oshkosh, Wisc., July 28-August 3, as a main
exhibitor at the 37th Annual Experimental Aircraft Associlation
International Fly~-In Convention and Sport Aviation Exhibition.
This year's exhibit, "Investing in the Future," will emphasize
how the United States benefits from NASA's leadership in
aeronautics, space science and exploration.

In the aeronautics area, visitors will see how NASA
scientists, engineers and craftsmen are working to make the
aircraft of tomorrow safer, faster and more efficient.

Visitors also will learn about high-speed research and
technology projects that will enable commercial airliners to
travel from Los Angeles to Tokyo in less than four hours.

Plans include the exhibition of an 80-foot half-scale mockup
of the National Aero-Space Plane built by engineering students at
Virginia Polytechnic Institute and State University, Blacksburg,
Va.

The National Aero-Space Plane program, a joint NASA and
Department of Defense effort, is developing the technology for a
single-stage-to-orbit vehicle capable of taking off and landing
on airport runways, accelerating to orbital speeds (Mach 25) and
flying at sustained hypersonic speeds (up to Mach 12) within the
atmosphere. .

The vision for the 21st century is a family of reusable,
economical aero-space vehicles for rapid, long-distance,
intercontinental transportation as well as easy access to Earth
orbit.
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A 7-foot model of the X-29 forward-swept wing, supersonic
research aircraft will be exhibited. The first X-29 flew. 242
technology-proving missions and a second X-29 is being tested for
maneuverability.

Aircraft safety improvements will be featured. The exhibit
showcases NASA technology designed to help pilots avoid
collisions, make critical takeoff decisions, detect and correct
engine problems and overcome weather hazards such as wind shear,
heavy rain and icing.

Engineers from the Langley Research Center, Hampton, Va.,
have added a vortex flap to the front of the wing of an F-106
aircraft to reduce drag and increase aircraft lift. This
concept, which will be on display, promises to increase the
maneuverability of swept-wing aircraft by 20 percent.

' Also on display will be revolutionary new engine, wing and
fuselage designs being tested to make the aircraft of tomorrow
more maneuverable and fuel efficient.

Visitors can examine a scale model of a Mach 5 aircraft
engine inlet model that recently underwent wind tunnel tests at
Lewis Research Center, Cleveland. The tests were focused on
validating computational codes used to analyze the inlet's
performance. The work will have application for the next
generation of high-speed transports, including the National Aero-
Space Plane and trans-atmospheric military vehicles.

In the 20 years since man first stepped on the moon, NASA
has taken bold strides toward even greater achievements in space
science and exploration. 1In addition to launching three major
space science missions this year, NASA stands on the brink of
establishing a permanent manned presence in space aboard Space
Station Freedom.

At the NASA exhibit, visitors can learn more about Space
Station Freedom and this year's three major space exploration
projects -- the Hubble Space Telescope, the Magellan mission to
Venus and the Galileo mission to Jupiter. Models of the Hubble
Space Telescope and Space Station Freedom will be available for
inspection.

The exhibit also describes the Pathfinder Program which is
developing technology for possible 21st century missions such as
a manned outpost on the moon or robotic or manned exploration of
Mars.

- more -
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The U.S. investment in aeronautics and space research has
paid enormous dividends on Earth. For example, NASA-developed
technology has been successfully adapted for more than 30,000
"spinoff" applications here on Earth. The NASA exhibit
highlights some of these spinoffs which have enriched the
nation's economy and improved our daily well-being.

One of the most popular displays, the NASA craftsmanship
exhibit, returns this year. Operated by technicians from the
Langley Research Center, Hampton, Va.; Lewis Research Center,
Cleveland; and Ames Research Center, Mountainview, Calif., the
exhibit highlights fabrication crafts and focuses on selected
examples of metal and composite structures, aeronautical models,
test equipment and data measurement hardware.

A variety of live and taped programs will be presented daily
in the mini-theater. Outside the exhibit building will be the
AEROVAN traveling aeronautics exhibit and the SARSAT van, a

mobile exhibit that presents an overview of the Search and Rescue
Satellite system.

More than 2 dozen NASA speakers will conduct technical
forums throughout the convention on subjects ranging from "How to
Measure Angle of Attack" to "Aircraft De-Icing Systems."

Education Specialists will be on-hand to inform teachers of
the many services available to them through the Teacher Resource
Center Network and Educational Services Offices.

-end-

NOTE TO EDITORS:

To reach a NASA public affairs representative at the EAA
Convention, phone 414/235-5424. AEROVAN and SARSAT van
spokespersons will be available for interviews during exhibit
hours at their respective mobile exhibit vans in front of the
NASA Exhibit Building.
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APOLLO-ERA TECHNOLOGY SPINOFFS CONTINUE TO ENHANCE HUMAN LIFE

Twenty years after the triumph of America's first lunar
landing, the technologies developed to enable manned spaceflights
and exploration of the moon continue to enhance human life here
on Earth through technology spinoffs to the fields of health,
safety, comfort and enjoyment of life.

The achievement of the national commitment to land U.S.
astronauts on the moon and return them safely to Earth spurred
major advances in emerging technologies, such as computers, which
became smaller, lighter, and more efficient to meet the
requirements for manned spacecraft.

Some specific examples of everyday products that employ
technology from the Apollo program:

* The lunar roving vehicle, developed for use by the Apollo
astronauts to venture several miles away from their landing base,
was the source of a unistix controller now used by severely
handicapped people to accelerate, brake and steer a typical
passenger vehicle on the highway. The vehicle's rubber tires,
which had to have low temperature pliability, were developed for
NASA by Goodyear, which used the technology to produce an all-
weather winter radial tire for use on automobiles.

* Scratch resistant sunglass lenses were derived from a
highly abrasion-resistant coating developed to protect, from
harsh environments, the plastic surfaces of aerospace equipment
like the helmet visors worn by moon-walking astronauts.

* A collection of cordless tools -- such as drills and dust
vacuums -- were derived from tools developed for the astronauts
to use on the moon while collecting surface and subsurface lunar
soil samples. )

- more -
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¢ Patient monitoring equipment, commonly used today at
nurses stations to monitor the heart rate and other physiological
signs of hospital patients, employs the same technology that was
developed to monitor astronaut vital signs during spaceflight.

* A special fabric developed for Apollo spacesuits, with the
qualities of being thin, light, flexible, yet durable and non-
combustible, provided the technology basis for heavier material
used for constructing fabric roofs on structures like Michigan's
silverdome.

* For moonwalking safety and comfort, the Apollo astronauts
wore lunar boots which featured a three-dimensional "spacer "
material for cushioning and ventilation. The material has been
modified for use today in a popular line of athletic shoes
designed for improved shock absorption and reduced foot fatigue.

* Hundreds of lives have been saved through a widely used
commercial raft that will not capsize in heavy seas. The raft
employs a NASA-patented water ballast stabilization system used
in rafts developed for the returning Apollo astronauts after
their splashdown.

* An electrical power controller, developed for use on the
Saturn rocket to conserve energy, has been widely used to reduce
energy consumption in electrical motors.

* A 3M-designed, meal-heating unit developed for Apollo
spacecraft crews served as the basis for an electronic food
warming system used in hospitals.

* The inorganic coatings developed to provide corrosion
protection to the seaside launch gantries used for Apollo-Saturn
missions have seen widespread industrial use on coastal and ocean
structures such as bridges, pipelines, ships and oil rigs.

* Insulation technology developed for the Saturn V booster
fuel tanks by Rockwell International provided an improved
insulation for the wells holding fresh-caught fish on tuna boats.

These are but a. few of the spinoffs, estimated to number in

the thousands, which can be traced directly to the technology
that launched and landed Americans on the moon in July 1969.

- end -
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APOLLO-11 LUNAR EXPERIMENT STILL USEFUL AFTER 20 YEARS

An experiment placed on the lunar surface 20 years ago by
the Apollo 11 astronauts continues to be used to study the Earth-
moon system by NASA's Jet Propulsion Laboratory, Pasadena,
Calif.,, and other scientific centers around the world.

Scientists, who analyzed the data from the Laser Ranging
Retro-reflector Experiment, have observed, among other things,
that the moon is moving away from the Earth, tectonic plates of
the Earth are slowly drifting and the length of a day varies.

The Laser Ranging Retro-reflector was designed to reflect
pulses of laser light fired from the Earth. The idea was to
determine the round-trip travel time of a laser pulse from the
Earth to the moon and back again, thereby calculating the
distance between the two bodies to unprecedented accuracy.
Unlike the other scientific experiments left on the moon, this
reflector requires no power and is still functioning perfectly
after 20 years.

The laser reflector consists of 100 fused silica half cubes,
called corner cubes, mounted in an 18-inch square aluminum
panel. Each corner cube is 1.5 inches in diameter. Corner cubes
reflect a beam of light directly back toward the point of
origin. It is this fact that makes them so useful in Earth
surveying.

The McDonald Observatory, Ft. Davis, Texas; the Lure
Observatory atop the extinct Haleakala volcano on the island of
Maui, Hawaii; and a third observatory in southern France near
Grasse, regularly send a laser beam through an optical telescope
and try to hit one of the reflectors.

- more -
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The reflectors are too small to be seen from Earth, so even
when the beam is correctly aligned in the telescope,’actually
hitting a lunar reflector is quite challenging. At the moon's
surface, the beam is roughly a mile wide and scientists liken the
task of properly aiming the beam to using a rifle to hit a moving
dime 2 miles away.

Once the laser beam hits a reflector, scientists at the
observatories use sensitive filtering and amplification equipment
to detect the return signal. The reflected light is too weak to
be seen with the human eye, but under good conditions, one photon
-- the fundamental particle of light -- will be received every
few seconds.

Three more reflectors have since been left on the moon,
including two by later Apollo missions and one by the unmanned
Soviet Lunakhod 2 lander. Each of the reflectors rest on the
lunar surface in such a way that its flat face points toward the
Earth. :

Continuing improvements in lasers and electronics over the
years have led to measurements accurate to approximately 1
inch. Scientists know the average distance between the centers
of the Earth and the moon is 239,000 miles, implying that the
modern lunar ranges have relative accuracies of better than one
part in 10 billion. This level of accuracy represents one of the
most precise distance measurements ever made and is equivalent to
determining the distance between Los Angeles and New York to one
fiftieth of an inch.

During the last 20 years, scientists have used the orbit of
the moon and the lunar ranging sites to study events on Earth.
Lunar ranging has contributed to several scientific advances:

* Lunar ranging has helped determine the precise positions
of the observatories that send the laser beams. Using these
positions, scientists can tell that the tectonic plates of the
Earth's crust are slowly drifting and the observatory on Maui is
seen to be moving away from the one in Texas.

* The atmosphere, tides and the core of the Earth cause
changes in the length of an Earth day -- the variations are about
one thousandth of a second over the course of a year.

* The familiar ocean tides raised on the Earth by the moon
have a direct influence on the moon's orbit. Laser ranging has
shown that the moon is receding from the Earth at about 1.5
inches every year.

- more -



* Lunar ranging, together with laser ranging to artificial

Earth satellites, has revealed a small but constant change in the
shape of the Earth. The land masses are gradually changing after

being compressed by the great weight of the glaciers in the last
Ice Age.

* Predictions of Einstein's Theory of Relativity have been

confirmed using laser ranging.
* Small-scale variations in the moon's rotation have been

measured. They result from irregularities in the lunar gravity

field, from changes in the moon's shape due to tides raised in

the moon's solid body by the Earth and possibly from the effects
of a fluid lunar core.

* The combined mass of the Earth and moon has been
determined to one part in 100 million.

* Lunar ranging has yielded an enormous improvement in
knowledge of the moon's orbit, enough to permit accurate analyses
of solar eclipses as far back as 1400 B.C.

The usefulness of continued improvements in range
determinations to further advance understanding of the Earth-moon
system and the need for monitoring details of the Earth's

rotation will keep the lunar reflectors in service for years to
come.

Lunar ranging analysis at JPL is undertaken by Drs. Jean
Dickey, James G. Williams and X X Newhall and is sponsored by the
Geodynamics Branch of NASA's Office of Space Science and
Applications. Additional analysis is accomplished at the
Harvard/Smithsonian Center for Astrophysics and the Massachusetts
Institute of Technology, both in Cambridge, Mass.; at the
University of Texas, Austin; and in France and China.

-end-

EDITORS NOTE: A 4-minute, 38-second video clip supporting this
press release is available from NASA by calling 202/453-8594.
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NASA AWARDS GRANTS FOR FUTURE EXPLORATION STUDIES

NASA's Office of Exploration has awarded a series of study
contracts to various organizations to provide NASA with ideas,
concepts, devices, systems, trajectories, operations or
implementations which could be applied to furthering human
exploration of the solar system.

The 20 winners, selected from 115 proposals submitted in
response to the April 12, 1989, NASA Research Announcement, are
located in 12 different states and come from various occupations
with five industry-related firms, two space support-related
organizations and 13 universities receiving awards.

In selecting the winners, the criteria applied to all the
submissions was the experience of the principal investigator, the
relevance of the proposal to programs of human exploration of the
solar system, the performance improvement or complexity reduction
possibilities and the uniqueness of the idea or concept.

Space Support-Related Organization Winners

o Oregon L-5 Society, Inc., Oregon City, Ore. - "Site
Characterization of the Oregon Moonbase."

© Tether Applications, La Jolla, Calif. - "Preliminary Design
of a 1KM/SEC Tether Transport Node."

Industry-Related Winners

o Martin Marietta Strategic Systems, Denver, Colo. = "Study of
Nuclear Thermal Rockets Utilizing Indigenous Martian
Propellants."

o Dean & Associates, Alexandria, Va. - "An Early Warning
System for Monitoring Large Projects."

- more -
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© Titan Systems, Inc., San Diego, Calif. - The Evolution of
Design Alternatives for the Exploration of Mars by Balloon."

o Engineering Development Laboratory, Inc., Newport News, Va. -
"Determination of the Concentration of Spacecraft Cabin Gases using
Laser Spectroscopy."

o Orbitec, Madison, Wis. - "Aluminum/Oxygen Rocket Engine for
Lunar Transport Applications" and "The Use of Tethered Platforms to
Recover, Store, and Utilize CO2 from the Mars Atmosphere for On-
Orbit Propellants." )

University-Related Winners

o Energy & Mineral Research Center, Grand Forks, N.D. - "Further
Investigation of the Feasibility of Applying Low-Temperature Plasma
Technology to a Closed-Loop Processing Resource Management System."

o0 Texas Engineering Experiment Station, College Station, Texas -
"Design of a General Purpose, Mobile, Multifunctional Radiation
Shield for Space Exploration."

o Boston College, Chestnut Hill, Mass. - "Design Considerations
of a Lunar Production Plant."

o Michigan Technological University, Houghton, Mich. -
"planetary Materials and Resource Utilization."

o The Regents of the University of California, Santa Barbara,
Calif. - "A Small Particle Catalytic Thermal Reactor (SPCTR) for
the Conversion of CO and CO2 to Methane in a Gravity-Free
Environment Vehicle."

o The University of Michigan, Ann Arbor, Mich. - "Advanced Fuel
Cycles for the MICF - Fusion Propulsion System."

o Boston University, Boston, Mass. - "Pneumatic Structures for
Lunar and Martian Habitats."

o State University of New York at Stony Brook, Stony Brook,
N.Y. - "Artificial Intelligence to Simulate the Green Thumb."

o The Regents of the University of Colorado, Boulder, Colo. -
"Mars Tethered Sample Return Study."

© The University of New Mexico, Albuquerque, N.M. -
"Teleprospector: A Teleoperated Robotic Field Geologist."

© Duke Un}versity, Durham, N.C. - "Deployable Magnetic Radiation
Shields using High Tc Superconductors: A New Concept."

- more -
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o International Space University, Boston, Mass. - "International
Lunar Polar Orbiter (ILPO)."

© The University of Texas, Houston, Texas - "Emergency Surgery

and Surgical Critical Care to Support Human Exploration of the
Solar System."

The Office of Exploration intends to follow these selections
with future solicitations for other innovative ideas and
concepts. These follow-on studies could be to refine concepts
studied this year or to deepen NASA's understanding or reexamine

using different conditions or ground rules; or these future studies
could be aimed at finding more new ideas.

- end -
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RELEASE: 89-119
APOLIO-11 LUNAR EXPERIMENT STILL USEFUL AFTER 20 YEARS

An experiment placed on the lunar surface 20 years ago by
the Apollo 11 astronauts continues to be used to study the Earth-
moon system by NASA's Jet Propulsion Laboratory, Pasadena,
Calif., and other scientific centers around the worild.

Scientists, who analyzed the data from the Laser Ranging
Retro-reflector Experiment, have observed, among other things,
that the moon is moving away from the Earth, tectonic plates of
the Earth are slowly drifting and the length of a day varies.

The Laser Ranging Retro-reflector was designed to reflect
pulses of laser light fired from the Earth. The idea was to
determine the round-trip travel time of a laser pulse from the
Earth to the moon and back again, thereby calculating the
distance between the two bodies to unprecedented accuracy.
Unlike the other scientific experiments left on the moon, this
reflector requires no power and is still functioning perfectly
after 20 years.

The laser reflector consists of 100 fused silica half cubes,
called corner cubes, mounted in an 18-inch square aluminum
panel. Each corner cube is 1.5 inches in diameter. Corner cubes
reflect a beam of light directly back toward the point of
origin. It is this fact that makes them so useful in Earth
surveying.

The McDonald Observatory, Ft. Davis, Texas; the Lure
Observatory atop the extinct Haleakala volcano on the island of
Maui, Hawaii; and a third observatory in southern France near .
Grasse, regularly send a laser beam through an optical telescope
and try to hit one of the reflectors.

= more -
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The reflectors are too small to be seen from Earth, so even
when the beam is correctly aligned in the telescope, actually
hitting a lunar reflector is quite challenging. At the moon's
surface, the beam is roughly a mile wide and scientists liken the
task of properly aiming the beam to using a rifle to hit a moving
dime 2 miles away. '

Once the laser beam hits a reflector, scientists at the
observatories use sensitive filtering and amplification equipment
to detect the return signal. The reflected light is too weak to
be seen with the human eye, but under good conditions, one photon
—-- the fundamental particle of light -- will be received every
few seconds.

Three more reflectors have since been left on the moon,
including two by later Apollo missions and one by the unmanned
Soviet Lunakhod 2 lander. Each of the reflectors rest on the

lunar surface in such a way that its flat face points toward the
Earth.

Continuing improvements in lasers and electronics over the
years have led to measurements accurate to approximately 1
inch. Scientists know the average distance between the centers
of the Earth and the moon is 239,000 miles, implying that the
modern lunar ranges have relative accuracies of better than one
part in 10 billion. This level of accuracy represents one of the
most precise distance measurements ever made and is equivalent to
determining the distance between Los Angeles and New York to one
fiftieth of an inch.

During the last 20 years, scientists have used the orbit of
the moon and the lunar ranging sites to study events on Earth.
Lunar ranging has contributed to several scientific advances:

* Lunar ranging has helped determine the precise positions
of the observatories that send the laser beams. Using these
positions, scientists can tell that the tectonic plates of the
Earth's crust are slowly drifting and the observatory on Maui is
seen to be moving away from the one in Texas.

* The atmosphere, tides and the core of the Earth cause
changes in the length of an Earth day -- the variations are about
ocne thousandth of a second over the course of a year.

* The familiar ocean tides raised on the Earth by the moon
have a direct influence on the moon's orbit. Laser ranging has
shown that the moon is receding from the Earth at about 1.5
inches every year.
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* Lunar ranging, together with laser ranging to artificial
Earth satellites, has revealed a small but constant change in the
shape of the Earth. The land masses are gradually changing after
being compressed by the great weight of the glaciers in the last
Ice Age.

* Predictions of Einstein's Theory of Relativity have been
confirmed using laser ranging.

* Small-scale variations in the moon's rotation have been
measured. They result from irregularities in the lunar gravity
field, from changes in the moon's shape due to tides raised in
the moon's solid body by the Earth and possibly from the effects
of a fluid lunar core.

* The combined mass of the Earth and moon has been
determined to one part in 100 million.

* Lunar ranging has yielded an enormous improvement in
knowledge of the moon's orbit, enough to permit accurate analyses
of solar eclipses as far back as 1400 B.C.

The usefulness of continued improvements in range
determinations to further advance understanding of the Earth-moon
system and the need for monitoring details of the Earth's
rotation will keep the lunar reflectors in service for years to
come.

Lunar ranging analysis at JPL is undertaken by Drs. Jean
Dickey, James G. Williams and X X Newhall and is sponsored by the
Geodynamics Branch of NASA's Office of Space Science and
Applications. Additional analysis is accomplished at the
Harvard/Smithsonian Center for Astrophysics and the Massachusetts
Institute of Technology, both in Cambridge, Mass.; at the
University of Texas, Austin; and in France and China.

-end-

EDITORS NOTE: A 4-minute, 38-second video clip supporting this
press release is available from NASA by calling 202/453-8594.
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RELEASE: 89-120

CONTRACTOR SELECTED FOR MEDIUM EXPENDABLE LAUNCH VEHICLE SERVICES

NASA's Goddard Space Flight Center, Greenbelt, Md., has
selected McDonnell Douglas Space Systems Co., Huntington Beach,
Calif., for negotiations leading to award of a firm, fixed-price

contract for medium class, commercial, expendable launch vehicle
services.

The contract, expected to be effective Oct. 1, 1989, will
provide launch services for three firm missions -- the
International Solar Terrestrial Program (ISTP) GEOTAIL, WIND and
POLAR missions =-- and 12 optional missions currently
unidentified. The GEOTAIL, WIND and POLAR missions presently are

manifested for July 1992, December 1992 and June 1993,
respectively.

The contract will provide for institutional launch service
capability for medium class payloads. The period of performance
will be from the effective date of the contract through launch of
all options exercised. Launch options may be exercised for a
period of 5 years after the effective date of the contract.

-end-



NNASA News

National Aeronautics and
Space Administration

Washington, D.C. 20546
AC 202-453-8400

Paula Clegget-Haleim For Release:
Headquarters, Washington, D.C. ‘ July 19, 1989
(Phone: 202/453-1548) 10:00 a.m., EDT

Ray Villard
Space Telescope Science Institute, Baltimore, Md.
(Phone: 301/338-4514)

RELEASE: 89-121
SCIENCE OBSERVATIONS SELECTED FOR NASA/ESA HUBBLE SPACE TELESCOPE

The Space Telescope Science Institute, Baltimore, Md., has
completed selection of the first science observation proposals
from the astronomy community to be carried out using the
NASA/European Space Agency (ESA) Hubble Space Telescope.

The Hubble Space Telescope (HST), scheduled for launch in
March 1990, is the first major international optical telescope to
be permanently stationed in low-Earth orbit. Capable of viewing
the universe with a tenfold greater resolution than ground based
observatories, the HST has a tremendous potential for fundamental
scientific breakthroughs in astronomy. Observing opportunities
on the powerful space facility are open to the worldwide
astronomical community.

"It is exciting to see the many excellant proposals and to
think of the scientific discoveries that will soon emerge when
the Hubble Space Telescope uncovers the mysteries of fundamental
scientific questions," says Neta Bahcall, Head of the institute's
Science Programs Selection Office.

The selected observations will make use of HST's unique
capabilities to study a wide variety of astronomical objects,
from nearby planets to the horizon of the visible universe. The
observations should help to dramatically improve current
understanding of the size, structure and evolution of the
universe.

Among the accepted proposals are plans to search for black
holes in neighboring galaxies, to survey the dense cores of
globular star clusters, to better see the most distant galaxies
in the universe, to probe the mysterious core of the Milky Way
galaxy and to search for neutron stars that may trigger bizarre
gamma-ray bursts.

- more -



The 162 proposals were accepted following an intensive
scientific peer review of 556 proposals submitted by astronomers
from 30 countries. Approximately 20 percent of the proposals
were from member nations of the European Space Agency, a joint
partner with NASA on the HST project.

The HST is such a powerful, new resource for optical
astronomy, that observing time was heavily oversubscribed.
During the first 12-month observing cycle, 11,000 hours of
observing time were requested, with only 1200 hours available.
The average length of an accepted observation is 10 hours.

"Unfortunately, because of the high oversubscription rate,
many excellent proposals could not be accommodated," says
Bahcall. "We expect that the available observing time will be
somewhat larger in the second cycle, due to a higher anticipated
HST observing efficiency and a lower fraction of time committed
to guaranteed time observers (GTO)."

When HST is launched, it will undergo a 7 month check-out
and instrument calibration period. During that time some of the
first science observations will be made by the GTOs. They are
the astronomers on the six teams which developed HST
instrumentation, as well those astronomers who contributed to the
design of the l12-ton observatory.

General observer proposals will begin 7 months after launch
and most will be completed within a 12-month period, though a few
key projects will be extended over 3 years. Slightly more than
half of HST's observing time for the first year of operation will
be available for general observers. The remainder of the
observing time will be used by the GTO's.

To utilize every moment of observing time and hence maximize
efficiency, HST is "over-booked" with accepted general observer
proposals by a ratio of 3:1. One hundred eight accepted
proposals are high priority and represent 90 percent of HST
observing time. The remaining 54 supplemental proposals
essentially "fly standby." They will only be executed if
appropriate scheduling opportunities arise.

Sixty-two scientists including 10 from ESA member nations
participated in the proposal review and selection process. The
scientists were divided into six peer-review panels which covered
sub-disciplines in astronomy such as solar system, stellar
astrophysics, stellar populations, interstellar medium, galaxies
and clusters, quasars and active galactic nuclei.

Each proposal was judged primarily for scientific
importance. Other selection criteria took into account such
factors as the technical feasibility of the proposal and an
observer's need for the unique capabilities of HST.

- more =



The ranked lists of proposals assembled by the various
panels were then reviewed by a cross-discipline Time Allocation
Committee (TAC). Space Telescope Science Institute Director
Riccardo Giacconi made the final selection based upon a review of
the TAC's recommended list of proposals.

The proposals now will go through a phase II process where
the guest observers will specify the technical details of their
observations. The proposals then will be checked for technical
feasibility, such as availability of guide stars required to aim
the telescope in space and other possible problems. At the
conclusion of phase II this fall, a catalog of approved
observations will be made available.

The Space Telescope Science Institute is operated for NASA
under a contract with the Goddard Space Flight Center, Greenbelt,
Md., by the Association of Universities for Research in
Astronomy, Inc. The institute is located on the Johns Hopkins
University campus in Baltimore, Md.

-end-

NOTE TO EDITORS: A listing of the 162 HST proposals is available
from the NASA Headquarters newsroom.
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RELEASE: 89-122

NASA STUDIES HEAVY RAIN EFFECTS ON AIRCRAFT PERFORMANCE

Preliminary results from a series of high-speed ground tests
indicate that heavy rain may reduce aircraft wing performance
when it is most nceded, during landing approach or take-off in
the presence of a microburst storm, an important factor for
pilots to consider while flying through severe storms, according
to researchers at NASA's Langley Research Center, Hampton, Va.

Until recently, explains R. Earl Dunham, Jr., Langley Heavy
Rain Project Manager, little attention has been directed to the
influence of rain on aircraft wing performance since rain effects
were thought to be insignificant.

A survey of commercial aircraft accidents and incidents
related to severe storms prompted NASA to study the possibility
of a heavy rain effect on aircraft safety and performance. Heavy
rain is generally defined as a high-intensity, short-duration
rainfall.

Modern wings on commercial aircraft, optimized for economy,
rely on a smooth, uninterrupted flow of air across the wing
surfaces for maximum performance. Tests suggest that very heavy
rain disrupts the airflow, reducing wing lift and performance.

The heavy rain research is part of a broad NASA-Federal
Aviation Administration airborne wind shear detection and
avoidance program begun in 1986.

Understanding heavy rain is important to the study of wind
shear. 1In cases where greater than usual wing lift is required,
as in a low-altitude encounter with wind shear, heavy rain may
reduce wing performance when it is most needed.

= more -



In fact, a series of small-scale wind tunnel tests in the
mid-1980's suggested that there is a heavy rain effect at
extremely high rain rates. Wing lift losses of greater than 20
percent were observed when simulated very heavy rain was sprayed
on a test wing in the tunnel.

To test in more realistic conditions, the program was
extended to the present high-speed, large scale ground tests.
Results after the first 20 runs tend to verify the wind tunnel
tests for the particular wing section being tested, namely that
at extremely high rain rates there is a significant loss of wing
lift, a loss that could be critical to safety of flight in
high-1ift conditions such as approach or takeoff.

During the next phase of the program, the project team plans
to change the rain rate to determine at what point heavy rain
begins to affect wing performance. The key question being
addressed -- are heavy rain effects a potential concern even at
light or moderate rain rates or is it something to consider only
in the most intense downpours. The answer is important to help
define the seriousness of the problem.

If heavy rain effects prove to be significant under
realistic flight conditions, it follows, says Dunham, that
piloting procedures need to be changed to take these effects into
account. Present piloting procedures are based on what is known
about flying through dry air. No corrections to performance have
been developed previously to account for the effect of heavy rain
on airfoil performance.

Questions about possible heavy rain effects were first asked
by researchers looking at wind shear and related strong
downdrafts called microbursts. Microbursts are small, intense
downdrafts which, upon striking the ground, spread out into a
circular vortex radiating in all directions. When microbursts
are encountered at low levels on approach or takeoff, the pilot
usually has little time to react correctly to maintain the
desired flight path. Between 1964 and 1985, there were at least
26 accidents and 3 incidents involving 500 fatalities and more
than 200 injuries where wind shear was the direct cause or a
contributing factor.

In 1980, James Luers and Patrick Haines of the University of
Dayton Research Institute, Dayton, Ohio, performed theoretical
calculations based on their hypothesis that aircraft performance
is reduced during heavy rain and wind shear periods. The work
was funded under a grant from NASA's Goddard-Wallops Flight
Facility, Wallops Island, Va. Following these calculations,
small scale wind tunnel tests were conducted at Langley. These
tests indicated a possible effect that required verification at
more accurately simulated actual flight conditions with full-size
wing sections.



As a result, ground tests using a tubular steel carriage are
being conducted at Langley on a half-mile track originally
constructed to test aircraft tires and landing gear. The
127,000-pound carriage is propelled down the track by a burst of
high-pressure water. 1In 2-3 seconds, the carriage accelerates to
184 mph and the airfoil mounted on top the carriage "flies"
through simulated heavy rain provided by 1,590 nozzles suspended
from 6 trusses spanning the track. The airfoil represents a
full-scale wing section, with working flaps, from a typical
modern commercial transport.

NASA's current test program is expected to require about 60-
80 carriage runs. They will continue this year until freezing
weather makes using the water propulsion and spray systems
impractical.
- end -

Photographs and a video clip are available to illustrate
this release by calling 202/453-8375.
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RELEASE: 89-123
U.S./USSR EARTH SCIENCES GROUP IDENTIFY AREAS OF COOPERATION

The U.S./USSR Joint Working Group on Earth Sciences held its
second meeting in Washington D.C., July 17-21, 1989. The group
agreed to cooperate in two sub-satellite experiments related to
land-atmosphere interactions, outlined plans for a joint research
program in volcanology and agreed to cooperate in studies of

changes in the Earth's cryosphere in response to global climate
warming.

The two sub-satellite experiments call for nine Soviet
scientists to provide ground-based and airborne experiments and
to participate in the U.S. first field experiment in the
International Satellite Land Surface Climatology Project in
Kansas during the summer of 1989.

Ten U.S. scientists will provide experiments and participate
in a similar experiment near Kursk in the USSR in 1991. The
experiments will include the exchange of Soviet and U.S.
satellite data on these sites.

The joint research program in volcanology includes a
prospective joint field verification campaign in Kamchatka, USSR,
in 1990 and a subsequent campaign in comparable U.S. volcanic
research sites. A measurement campaign using airborne, satellite
and ground-based techniques could follow, as a later phase of
joint research. Plans for the field verification campaign in
Kamchatka are expected to be confirmed and refined at a working
level meeting in the fall.

A cooperative project to study changes that are occuring in
the Earth's cryosphere in response to global climate warming was
initiated with the participation of the U.S. Geological Survey,
NASA's Goddard Space Flight Center, Greenbelt, Md., and the
Institute of Geography of the USSR Academy of Sciences. The two
sides will prepare experimental maps, compiled from satellite
remote sensing imagery, to document changes that have occurred
and are occurring in the coastal regions of Antarctica.

- more -
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Both sides noted with satisfaction the progress achieved in
the preparation of the U.S. Total Ozone Mapping Spectrometer to

be flown on the Soviet Meteor 3 spacecraft in the second half of
1991.

Both sides expressed support for continued interaction
between the U.S. and USSR in oceanographic research programs

related to understanding ocean prncesses of importance in global
change.

Joint scientific meetings are planned to discuss biospheric
dynamics and problems of desertification and forest stress.
Additional information exchanged on trace gases and research in

ocean remote sensing are expected to lead to joint activities at
subsequent meetings.

Academician Kyrill Ya. Kondratiev of the Institute of Lake
Studies, USSR Academy of Sciences, in Leningrad, is the Soviet
Co-Chairman of the group. Dr. Shelby G. Tilford, Director of the
NASA Earth Sciences and Applications Division, is the U.S. Co-
Chairman.

The objective of the group is to conduct joint experiments
and to acquire and exchange space-based and related ground-based
data important to solving problems associated with global change.

The group was formed pursuant to the Agreement between the
United States of America and the Union of Soviet Socialist
Republics Concerning Cooperation in the Exploration and Use of
Outer Space for Peaceful Purposes, signed in Moscow on April 15,
1987, as amended May 31, 1988.

- end -
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RELEASE: 89-124
NASA TO STUDY HOW VEGETATION INFLUENCES WEATHER, CLIMATE

NASA scientists, joined by others from the U.S., Soviet
Union, Canada, England and France, will set up camp during mid-
summer on a prairie grassland site in Central Kansas to learn how
land surface vegetation regulates the rate of soil moisture

return to the atmosphere, ultimately influencing local weather
and regional climate.

In addition to land surface vegetation, scientists also
expect to learn more about the effects on climate of other land

surface properties, such as soil moisture and regional hydrologic
characteristics.

The NASA-managed effort -- led by scientists from the
Laboratory for Terrestrial Physics at Goddard Space Flight
Center, Greenbelt, Md. -- is an element of the International
Satellite Land Surface Climatology Project (ISLSCP) and is known
as FIFE, the first ISLSCP field experiment.

FIFE '89, with data from five Earth remote-sensing
satellites, six research aircraft and dozens of high-tech surface
and airborne measurement devices, is being conducted on and over
a 9-by-9 square mile area in the Konza Prairie Natural Area, just
north of Interstate 70, near Manhattan, central Kansas.

A period of intensive, simultaneous observations will be
conducted from the week of July 23 until Aug. 12.
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According to Dr. Forrest Hall, the FIFE science coordinator
with Goddard's Earth Resources Branch, data from the ground,
aircraft and satellite-generated observations will be placed in a
computer data base at Goddard for access by all FIFE
investigators.

Additionally, results of the FIFE investigation will be made
available, Hall said, to the scientific community through
publication in journals and other established channels.

One of the many users of the results generated by the
project will be Dr. Piers Sellers of the University of Maryland,
at College Park, the FIFE staff scientist. Instrumental in the
design of FIFE, Sellers will combine computer models of
vegetation with global weather to improve the understanding of
how vegetation interacts with the atmospheric circulation.

The data for the FIFE study will come from:

o Automatic meteorological stations: Dozens of these will
report on temperature, humidity, wind speed, several components
of radiation flux, soil temperature and prec1p1tatlon at 15-
minute intervals.

o Aircraft: Five U.S. and one Canadian Twin Otter research
aircraft will be deployed to measure fluxes of water and energy
to the atmosphere or to remotely sense visible, near-infrared,
thermal-infrared and active and passive microwave energy
reflected from the Earth's surface.

o Satellites: Data sets will be compiled from five U.S.
Earth remote sensing satellites: Geostationary Operational
Environmental Satellite; National Oceanic Atmospheric
Administration-9 and -10; and LANDSAT-4 and -5. Data from the
French SPOT satellite also will be used extensively.

Recent scientific studies have shown that when a dry period
causes local soil moisture levels to drop below a critical level,
surface vegetation could intensify the drought by limiting
evapotranspiration, depriving the lower atmosphere of moisture
needed for cloud formation.

- end -
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RELEASE: 89-125

O'BRIEN RETURNS TO NASA AS ASSISTANT DEPUTY ADMINISTRATOR

NASA Administrator Richard H. Truly today announced that
John E. O'Brien will return to NASA as Assistant Deputy
Administrator, NASA Headquarters, effective July 30.

In this position, O'Brien will support the agency's efforts
in formulating plans to implement future goals in space as
outlined by President Bush in his July 20 speech. Also, he will
perform special analyses for the Administrator and be involved in
management problem solving.

O'Brien returns to NASA from the Washington law firm of
Steptoe & Johnson where he specialized in defense and aerospace
legal issues. He previously served as NASA General Counsel from
August 1985 to July 1988 after serving as Deputy General Counsel
since November 1981. He joined NASA in 1962 as staff attorney at
NASA's Launch Operations Center, now the Kennedy Space Center.
Prior to that position, he had served as staff attorney at the
Navy General Counsels Office in Washington, D.C., from 1957 to
1962. In 1970, he was appointed Chief Counsel of the Kennedy
Space Center and NASA Assistant General Counsel for Procurement
Matters in 1973.

O'Brien received the NASA Exceptional Service Medal in 1976
and the NASA Distinguished Service Medal in 1988. He was awarded
the Presidential Rank of Meritorious Executive in 1980 and the
Presidential Rank of Distinguished Executive in 1988.

O'Brien received a BA degree from Niagara University and a
Juris Doctorate degree from Georgetown University. During 1965-
66, he was a Princeton Fellow in Public Affairs at the Woodrow
Wilson School of Public and International Affairs, Princeton
University. He is a member of the D.C. Bar, Virginia State Bar,
the Federal Bar Association, the American Bar Association, the
International Bar Association and the International Institute of
Space Law.

-end-
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Ng89-55
EDITORS NOTE: VOYAGER 2/NEPTUNE ENCOUNTER, NASA SELECT TV PLANS

NASA will employ two satellites to transmit television
coverage of the Voyager 2 flyby of planet Neptune next month.
The second satellite transponder will provide encounter
television access to Alaska and Hawaii and a vastly improved
television signal for the western United States.

The satellites will provide program transmissions August 21
through August 29 from NASA's Jet Propulsion Laboratory (JPL),
Pasadena, Calif. Daily programming will begin at noon and
continue through approximately 8:30 p.m., EDT. Coverage will be
expanded on August 24 when Voyager is nearest to Neptune.

Recent Neptune images received from Voyager 2 indicate
weather changes around the planet are extremely dynamic. Voyager
2 cameras now show large white clouds moving rapidly around and
away from the recently discovered massive dark spot. In
addition, a new moon has been discovered by JPL scientists. The
moon measures about 120 to 400 miles in diameter.

The NASA television transmissions will be hosted by Dr.
Albert Hibbs and other JPL scientists. Status reports will be
provided hourly and will include interviews and presentations by
mission scientists. Neptune encounter news briefings are
scheduled daily at 1 p.m., EDT, and will include more formal
scientific presentations.

A special 76-minute, pre-encounter television presentation
will be transmitted over Satcom F2R, only, at noon EDT, August 7
and August 14. Dr. Edward Stone, Voyager Project Scientist, will
provide a 46-minute summary of scientific findings made by
Voyagers 1 and 2 at Jupiter, Saturn and Uranus. 1In addition,
there will be a 30-minute video of the best images of Jupiter,
Saturn, Uranus and moons of the planets taken by Voyager.
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JPL has published a Voyager/Neptune Encounter NASA
Television Public Access Program Development Guide, which is
available to educational institutions, planetariums, science
centers, cable television operators and television stations by
contacting:

Terry Brooks, Code 180-200
JPL, 4800 0Oak Grove Drive
Pasadena, CA . 91109

Phone: 818/354-6278

VOYAGER 2 NEPTUNE ENCOUNTER TELEVISION SUMMARY
Aug. 21-29, 1989

SATELLITE VIDEO SOURCES:

GE Satcom F2R Aurora 1

Transponder 13 Transponder 6

72 W. Long. 143 W. Long.

3960 MHz, vert. polar. 3820 MHz, hor. polar.

DATES/TIMES (August/EDT)

21, 22, 23 noon - 8:30 p.m.
24 noon - TBD *

25, 26, 27, 28 noon - 8:30 p.m.
29 noon - 3:30 p.m,

* Determined at encounter time, depending on data received.

DAILY PROGRAM EVENTS:

Mission status reports at noon and hourly, 3 to 8 p.m., EDT
Daily news briefing (90 minutes) at 1 p.m., EDT.

NOTES:

Live television images of the encounter will be shown between
scheduled hourly updates and news conferences.

Hourly status reports will vary in length from 10 to 30
minutes.

For technical assistance, call JPL Audio/Visual Services,
818/354-6170.

- end -
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RELEASE: 89-126

TRULY ASSIGNS JSC'S COHEN TO LEAD NASA
PREPARATION FOR NEW CIVIL SPACE GOALS

Richard H. Truly, Administrator of NASA, today announced
that he has asked Aaron Cohen, Director of the Johnson Space
Center, to lead agency activities in response to the national
goal of human exploration of the moon and the planet Mars
announced by President Bush last week. Cohen will be temporarily
assigned to NASA Headquarters in Washington for the next few
months.

Speaking at the 20th anniversary of the Apollo 11 moon
landing, the President asked Vice President Quayle to lead the
National Space Council to determine what is needed for the next
round of exploration to establish a scientific outpost on the
moon and begin human exploration of Mars. Recommendations to the
President will be influenced markedly by the NASA effort which
Cohen will lead.

"From his engineering work in the early days of the Apollo
program in the 1960s to today, when he leads the JSC team in
support of the Shuttle and Space Station programs, Aaron has done
outstanding work," Adm. Truly said. "No one in the agency is as
well suited to prepare NASA to accept the challenges of this
historic new project. aAaron will be calling on many other people
across NASA to accomplish this comprehensive self-examination of
the agency, and all of us look forward to this challenge. JSC
will remain in good hands during this period under the leadership
of Paul Weitz, the Deputy Director."

~ end -
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RELEASE: 89-127
MILESTONE REACHED IN SUPERCONDUCTIVITY

Scientists at NASA's Lewis Research Center, Cleveland, have
established a new benchmark in the application of high-
temperature superconductors to high-frequency electronic
circuits. They have produced the first electronic circuit able
to operate at 33 to 37 Gigahertz, a frequency range more than
three times higher than attainable with previously developed
circuits. A Gigahertz is 1 billion cycles per second.

Attaining these higher frequencies is important because
advanced communications satellites will operate at 20-30
Gigahertz and above. These frequencies will allow satellites to
process data at much faster rates, resulting in a three-fold
increase in the number of communications linkups they can handle.

"We believe this is a breakthrough in the application of
high-temperature superconductors, a first in this field at Lewis,
which will lead to major improvements in space and terrestrial
communication systems," according to Dr. Stuart Fordyce, Director
for Aerospace Technology at NASA's Lewis Research Center.

The compactness and efficiency of the high-frequency
circuit should reduce the size and mass of electronically aimed
antennas at millimeter wavelengths, as well as increasing their
pointing accuracy and tracking speed. Such antennas are
desirable for future deep-space communications and remote sensing
of the Earth's surface. The technology also may lead to dramatic
improvements in terrestrial communications and data systems.

The Lewis Research Center team, led by Dr. Kul B. Bhasin,
Space Electronics Division, Aerospace Technology Directorate,
fabricated the circuit out of yttrium barium copper oxide, a
material recently found to exhibit superconducting properties at
higher temperatures than previously known materials.

- nmore -
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A laser beam vapor deposition technique, developed by
Lewis researcher Joseph D. Warner, was used to produce thin
crystalline films of the superconducting material. The circuit
then was constructed using integrated circuit fabrication
techniques which the Lewis team adapted for use with the oxide
superconductor. Meeting the technology challenges associated
with fabricating high-temperature superconducting circuits at
these high frequencies greatly improves the ability to make
complex, reliable circuits such as those used in computer
microprocessors.

Superconductivity is the absence of electrical resistance
in a material that is sufficiently cold. For many years
superconductivity could not be achieved above 23 degrees Kelvin
(minus 419 degrees Fahrenheit). About 2 years ago, several
laboratories produced materials that are superconducting above 90
degrees Kelvin. These "high temperature" superconductors opened
new vistas because they can be cooled by liquid nitrogen rather

than by liquid helium, which is more expensive and more difficult
to handle.

Lewis Research Center, in partnership with Argonne National
Laboratories, also is working on the development of large-scale
superconducting systems for aerospace propulsion and power
applications.
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RELEASE: 89-128
VOYAGER DISCOVERS 3 ADDITIONAL MOONS AROUND NEPTUNE

Images from NASA's Voyager 2 spacecraft have revealed three
additional new moons in orbit around Neptune, Voyager imaging
team scientists announced today.

The discovery brings to six the number of moons known to
exist around the blue planet, including one, 1989 N1, discovered
by Voyager 2 last month. The spacecraft, launched in 1977, has
explored Jupiter, Saturn and Uranus and will come within 3,000
miles of Neptune at 12 midnight EDT, Aug. 24, 1989.

Finding so many moons when the spacecraft was more than 22
million miles away from Neptune may mean there are many more to
be found in coming weeks, according to Voyager scientists.

The three newest Neptunian satellites, temporarily
designated 1989 N2, 1989 N3 and 1989 N4, were tracked as
candidate moons in images returned by the spacecraft over a 5-day
period. When the objects were found to follow predicted orbits,
Voyager imaging scientists yesterday were able to confirm them as
moons of Neptune. Their temporary names designate the order in
which they were discovered.

Like 1989 N1, the three new moons occupy nearly circular and
equatorial orbits around the planet. All move in prograde orbits
(in the same direction the planet rotates), making the large moon
Triton, which occupies a retrograde orbit, even more of an oddity
in the Neptune system.

= more -
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The innermost of the new moons is 1989 N3, which orbits at a
distance of about 32,300 miles from the center of the planet or
about 17,000 miles from Neptune's cloud tops. It makes one
complete orbit of Neptune every 8 hours, 10 minutes.

Next is 1989 N4, orbiting about 38,000 miles from the
planet's center or about 23,300 miles from the cloud tops. It
orbits the planet every 10 hours, 20 minutes.

The outermost is 1989 N2, orbiting at about 45,400 miles
from Neptune's center or about 30,000 miles from the cloud
tops. It completes an orbit every 13 hours, 30 minutes.

The three new moons exist in the region where partial
Neptunian rings or "ring arcs" are thought to exist. If ring
arcs exist, the new moons might play an important role in
"shepherding" and maintaining them, Voyager scientists said. The
search for moons and visible ring arcs will continue as Voyager 2
flies toward Neptune.

Several sequences of spacecraft activity include plans to
point Voyager 2's cameras at any newly discovered ring arcs or
moons.

The Voyager Mission is conducted by the Jet Propulsion
Laboratory, Pasadena, Calif., for NASA's Office of Space Science
and Applications.

- end -

This release and other NASA information is available
electronically through DIALCOM, INC. For access to NASA NEWS
through this system, contact the NASA NEWS representative,
DIALCOM, INC. at 202/488-0550.
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RELEASE: 89-129
NEW SYSTEM USES ARTIFICIAL INTELLIGENCE TO MONITOR SPACECRAFT

Voyager 2's near encounter of Neptune in late August will
provide researchers at NASA's Jet Propulsion Laboratory (JPL),
Pasadena, Calif., with an opportunity to demonstrate a new expert
system designed to monitor the condition of interplanetary
spacecraft and ground operations.

The software demonstration, called the Spacecraft Health
Automated Reasoning Prototype (SHARP), will be used by mission
operators to better analyze radio signals from spacecraft as they
are received through the Deep Space Network ground stations and
sent to the mission control center at JPL.

The computer program combines conventional computer science
methods with artificial intelligence techniques to automatically
detect and analyze potential spacecraft and ground data systems
problens.

Designed by the JPL's Computer Science and Applications
Section, SHARP is written in the LISP programming language and
uses an advanced artificial intelligence programming tool,
STAR*TOOL. The program supplies a variety of advanced techniques
needed for building artificial intelligence systems to meet
NASA's goals for future space exploration.

The SHARP team, headed by computer scientist David Atkinson,
earmarked Voyager 2's flyby of Neptune as a vigorous operational
setting in which to evaluate the performance of the SHARP
system. The telecommunications subsystem of the spacecraft was
chosen for the prototype demonstration because glitches
frequently occur in the telecommunications link.

- more -
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"The technology is being extended in the next year to
monitor other spacecraft subsystems, such as power, attitude and
articulation control and scientific instrumentation," Atkinson
said. "In addition, SHARP will be used to monitor several
spacecraft missions simultaneously, including the Magellan
mission to Venus and Galileo mission to Jupiter."

The SHARP system provides a broad range of analysis
functions to aid in monitoring spacecraft and ground control
systems. Information from a variety of data sources, for
example, is centralized into a single workstation. SHARP
automates processing and analysis of that data to enable
automatic fault detection and diagnosis using artificial
intelligence technology.

SHARP's expert system captures knowledge gained by Voyager
experts over the last 12 years and mimics their decisions when
problems arise. That produces quicker response times to mission
anomalies. The system furnishes operators with dynamic graphics
displays for viewing data in a variety of formats. The status of
the spacecraft and ground stations can be determined at a glance
through the use of color-coded displays, which change to reflect
status updates or alarm conditions.

The automation efforts demonstrated in the SHARP system are
designed to enhance the productivity of mission operations in the
years ahead, reducing the workforce required to monitor
spacecraft during critical planetary encounter phases.

The Voyager Project is managed by JPL. NASA's Offices of

Aeronautics and Space Technology and Space Science and
Applications are sponsoring the SHARP demonstration.

- end -
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RELEASE: 89-130
NASA PARTICIPATES IN FIRST "AIRSHOW CANADA"

A sleek, 80-foot-long mockup of the U.S. National Aero-Space
Plane will be the centerpiece of NASA's pavilion at the first
Airshow Canada, scheduled for August 9-13 in Abbotsford, British
Columbia. The exhibit highlights America's past, present and
future achievements in aeronautics and space technology,

emphasizing the pivotal role played by NASA throughout this
history.

The National Aero-Space Plane mockup will be surrounded by
educational displays that explain the program's purpose and
goals. Visitors will learn about the technology necessary to
design and develop a vehicle capable of taking off and landing
from airport runways, accelerating into Earth orbit and cruising
at sustained hypersonic speeds (up to Mach 12).

In an adjacent exhibit area, a large "video wall" will
present short programs on NASA's latest aeronautical research
projects including the forward-swept-wing X-29 aircraft, the

revolutionary XvV-15 tilt-rotor and supercomputer-based
aerodynamic studies.

In addition, the display will feature a "Tools For Testing"
theme profiling NASA's wind tunnel research and the Numerical
Aerodynamic Simulation (NAS) facility. On a separate monitor,
visitors can view the colorful dancing swirls of a computational
fluid dynamics simulation in motion.

Other panels of the display will illustrate several of
NASA's Earth and space missions, including a detailed mural of
Space Station Freedom in orbit. The rear of the exhibit will
contain another large-screen monitor featuring an Apollo 11
commemorative program and other NASA videos.

- more -
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In conjunction with its aerospace trade show and flying
exhibitions, Airshow Canada is sponsoring a symposium entitled
"Looking to 2020," which will examine the future air transport
environment, the uses of space and the world of the airport.
Louis J. Williams, NASA's Assistant Director for Aeronautics
(General Aviation and Transport Aircraft) is scheduled to deliver
a paper on technology challenges for future high-speed civil
transports. Samuel Morello, Assistant Chief of the Flight
Management Division at NASA's Langley Research Center, also is
slated to describe the aircraft flight deck of the future.

Airshow Canada is an expansion of the Abbotsford
International Airshow held annually for 27 years. Organizers
expect more than 300,000 visitors to tour exhibits from 17
nations during the week-long exposition.

-end-

NOTE TO EDITORS:

NASA representatives will be at Airshow Canada to supply
general information about the National Aero-Space Plane and other
NASA aeronautics and space programs. Specific information can be
requested from NASA Headquarters Public Affairs at 202/453-8900
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RELEASE: 89-131

VOYAGER 2 ENCOUNTER OF NEPTUNE

Voyager 2, one of a pair of twin spacecraft launched by NASA
in 1977, will complete its 12-year tour of the four giant outer
planets of the solar system when it flies closely past Neptune at
12 midnight EDT, on Aug. 24, 1989.

Voyager's flyby will be the first time a spacecraft has visited
Neptune, which orbits the sun at an average distance of 2.793
billion miles. Although Neptune is the fourth largest planet, it is
invisible to the naked eye from Earth. Even the biggest and best
telescopes on Earth have been able to discern only meager
details about the planet.

Neptune is pale blue, about tour times as big as Earth, and
probably has a center consisting of a slurry-like mixture of ice
and rock surrounded by gases of hydrogen, helium and
methane. It holds in its orbit what appear to be fragmented rings
and one of the largest and most interesting moons in the solar
system, Triton. Striking latitudinal bands, a giant dark spot and
smaller light spots have become apparent in Neptune's colorful
atmosphere as Voyager has approached the planet. The early
observations show that Neptune possesses a much more visibly,
lively atmosphere than its supposed twin, Uranus, and that
Neptune shares broad atmospheric characteristics with its larger
planetary cousins Jupiter and Saturn.

Voyager 2 will pass within 3,000 miles of Neptune's cloud tops,
which is closer than the flyby distance of any of Voyager 2's
previous encounters. The spacecraft flew past Jupiter on July 9,
1979, Saturn on Aug. 25, 1981 and Uranus on Jan. 24, 1986.

The aging spacecraft's last close look at any body in the solar
system will occur at 5:14 a.m. EDT, on Aug. 25, 5 hours after the
closest approach to Neptune, when Voyager 2 will pass within
24,000 miles of the surface of the Neptunian moon Triton. The
exact flyby distance to Triton won't be known until after it
happens, because the moon's diameter cannot be measured
precisely until the spacecraft gets there. Estimates based on
observations from Earth put Triton's diameter at less than 2,240
miles.

Triton is expected to be one of the most interesting objects of
the dozens Voyager 1 and 2 have studied in their long missions.
The moon is thought to possess an atmosphere of methane and
possibly nitrogen. In recent years, scientists have debated
whether Triton might have frozen or liquid pools of nitrogen on its
surface. In any case, studies from Earth suggest that whatever
exists on Triton's surface should be visible through the
atmosphere.

From Neptune, it will take 4 hours, 6 minutes for Voyager's
radio transmissions -- traveling at the speed of light (186,000
miles per second) -- to reach Earth. The data will be received at
NASA's Jet Propulsion Laboratory (JPL), Pasadena, Calif., where
the Voyager mission was conceived, the spacecraft designed and
constructed and the mission controlled.

The Neptune encounter takes place the week of the 12th
anniversary of Voyager 2's Aug. 20, 1977 launch. An identical
spacecraft, Voyager 1, was launched Sept. 5, 1977, and flew past
Jupiter on March 5, 1979 and Saturn on Nov. 12, 1980.



The two Voyager spacecraft are the most intelligent machines
to leave Earth's gravity, and they have accomplished the most
productive mission of scientific exploration ever conducted by
NASA. Together, the Voyagers have returned more new
information about the outer planets and the interplanetary
medium than had previously existed.

When launched, the spacecraft were designed to operate for
about 5 years and encounter only two planets, Jupiter and
Saturn. The destinations of Uranus and Neptune were
authorized long after launch and Voyager 2 has gone the extra
distance.

Two key spacecraft characteristics made the extra planetary
encounters possible: reprogrammable onboard computers’
receptive creative software engineering and three radioisotope
thermoelectric generators -- devices that convert the heat from
the radioactive decay of plutonium 238 into electricity to power
the spacecraft components and instruments. The radioisotope
thermoelectric generators allow the Voyager spacecraft to
operate in regions of the solar system where solar panels cannot
be used.

Voyager 2 already has begun returning a wealth of new
information about Neptune. The imaging system alone -- just
one of 11 scientific experiments on the spacecraft -- will return
nearly 8,000 photographs of the remote, blue planet, its
truncated system of rings, the Neptunian moons known to exist,
as well as others that likely await discovery.

The Neptune encounter promises as many surprises as the
Voyager spacecraft found at Jupiter, Saturn and Uranus.
Remarkable phenomena and many new celestial bodies have
been found wherever the Voyagers have traveled. Given past
experience, Voyager scientists believe that, at the very least, the
spacecraft will find more moons, a unique ring system and
powerful storms in Neptune's blue atmosphere.

Among the major discoveries the Voyagers made at Jupiter
were active volcanoes on the satellite lo, thin rings of dust
encircling the planet and three new moons orbiting our solar
system's largest planet.

At Saturn, Voyager 1 found that the large Saturnian moon
Titan has an atmosphere composed primarily of nitrogen
containing simple organic compounds that might have evolved
into living organisms if Titan was not so cold. Several moons
were discovered. Saturn’s rings were found to be dynamic, with
thousands of tiny wave-like features caused by the gravitational
effects of small moons found in and around the rings. These
radial spoke-like features may be electrically charged dust
particles levitated above the ring plane.

At Uranus, Voyager 2 found a strange magnetic field with a
corkscrew-shaped tail extending millions of miles into space.
From the information Voyager returned about the magnetic field,
Voyager scientists inferred that electrically conductive
atmospheric layers must exist deep beneath the deceptively
bland, visible atmosphere. Voyager's close-ups of the Uranian
moon, Miranda, showed the small satellite to be dramatically
fractured by geophysical forces. Miranda was found to have one
of the most geologicaily diverse landscapes seen in the solar
system.

More than 100,000 photos were taken during the Voyager 1
and 2 encounters of Jupiter and Saturn, and another 7,000
images were returned by Voyager 2 during the Uranus
encounter.

Since the Uranus encounter, improvements have been made
to the huge antennas at the NASA/JPL Deep Space Network
(DSN) stations in Spain, Australia and California through which
communications with the Voyagers are conducted. The three
largest DSN antennas have been enlarged from 210 feet to 230
feet in diameter to maximize the amount of data that can be
received from the spacecraft. The increased antenna aperture is
extremely valuable, given that the strength of the signal received



from Voyager amounts to only one ten-quadrillionth
(1/10,000,000,000,000,000th) of a watt. For comparison,
consider that a digital wristwatch operates at a power level 20
billion times greater. In addition to the enlarged antennas, the
hearing of their super-sensitive receivers has been made even
more acute with state-of-the-art supercooled, low-noise
amplifiers.

Because of Neptune and Voyager's location in the sky, the
Australian tracking site has the best radio "view" of the
spacecraft and will receive most of the data returned during
closest approach. The spacecraft will be almost directly above
the Australian complex during the encounter. This is beneficial
because Voyager's signal has a more direct, and thus less
disruptive, path through the Earth's atmosphere there than it
does when received at the stations in Spain or California. As
during the Uranus encounter, the DSN antennas will be
electronically linked to other large antennas that will
simultaneously receive Voyager's faint signal, allowing more
signal to be captured from the spacecraft. This technique, called
arraying, greatly increases the data return from Voyager.

The Australian government's 210-foot Parkes Radio
Telescope again will support the DSN when Voyager returns data
during its closest approaches to Neptune and Triton.

The 200-mile distance between the DSN tracking station at
Tidbinbilla and the Parkes Radio Telescope reduces the risk that
data at both stations might be jeopardized due to simultaneous
rain showers or thunderstorms.

The 210-foot Usuda Radio Observatory, owned by the
Institute of Space and Astronautical Science of Japan, will join
the Australian complex in collecting critical radio science
observations during Voyager's closest approach to Neptune. In
addition to the antenna array in Australia, the 27 90-foot
antennas of the National Radio Astronomy Observatory's Very
Large Array near Socorro, N.M., will be arrayed with the DSN
station in California.

An unprecedented number of radio antennas on Earth are
involved in the upcoming encounter. Altogether, 38 antennas on
four continents will be used to receive data from Voyager during
the Neptune flyby.

Mission controliers have taken full advantage of their ability to
reprogram the 12-year-old spacecraft over the past several years
and have taught it new methods for acquiring, processing and
sending data. Routines executed by Voyager's onboard
computers have been customized to allow the spacecraft to
gather, compress and return as much information as it can while
at Neptune. These new capabilities will help Voyager overcome
problems caused by the dim lighting conditions at Neptune and
the distance over which the spacecraft must communicate with
Earth.

Voyager's flight path will be fine-tuned within days of the
spacecraft's nearest encounter with Neptune. The point at which
Voyager makes its closest approach to the planet was chosen to
send the spacecraft on to its flyby of Triton. The trajectory will
allow Voyager to avoid colliding with the vestigial rings that
probably exist around the planet, while sending the spacecraft as
close to the top of the planet's atmosphere as safety permits.
Flying too close to Neptune could cause enough atmospheric
drag on Voyager to damage the spacecraft or change its course.
Last-minute changes in Voyager's instructions also will allow
controllers to update the spacecraft on the precise locations of its
targets and permit study of any new features or new moons that
may become apparent as the spacecraft approaches Neptune.

Picture-taking at Neptune presents a multifaceted hurdle.
Because of the faint sunlight at Neptune, which gets about a
thousand times less sunlight than Earth, Voyager's camera
shutters must be open longer to gather more light. Lengthy
exposures in combination with the relative motion of the
spacecraft and its target would normally result in badly smeared
images. Innovative methods have been devised, however, to
overcome these difficulties.



The encounter formally ends on Oct. 2, 1989, when Voyager
2 will be well past Neptune. From then on, Voyager 2 will join
Voyager 1 in examinations of ultraviolet stars and in studies of
fields, particles and waves in interplanetary space. It will begin
its search for the heliopause -- the boundary between the solar
wind and interstellar space. The heliopause has never been
reached by any spacecraft, and the Voyagers may be the first to
pass through this region. It is thought to exist somewhere
between 50 and 150 astronomical units (5 billion to 14 billion
miles) from the sun. Scientists expect that sometime in the next
10 years the two spacecraft will cross an area known as the
termination shock. This is where the million mile-per-hour solar
wind slows to about 250,000 miles-per-hour as the pressure of
interstellar space impinges on the sun's influence. Ten to 20
years after reaching the termination shock, the Voyagers will
cross the heliopause -- the end of the sun's influence.

Communications with the two spacecraft may continue until
about 2020. At about that time, the electrical power provided to
the spacecraft by their plutonium-based electrical generators will
be below the level required to keep the Voyagers operating.

Eventually, the Voyagers will remotely pass by other stars. In
about 40,000 years, Voyager 1 will fly within 1.6 light-years (9.3
trillion miles) of AC+79 3888, a star in the constellation of
Camelopardalis. At about the same time, Voyager 2 will come
within about 1.7 light-years of the star Ross 248. In 296,000
years, Voyager 2 will pass the star Sirius at a distance of about
4.3 light-years (25 trillion miles). The Voyagers are destined to
continually wander through the Milky Way.

- end -

EDITOR'S NOTE: Encounter times used in this document
denote the time the event occurs at the spacecraft; the data from
the spacecraft will not be received on Earth until 4 hours, 6
minutes later.
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THE VOYAGER MISSION

The Voyager mission was conceived and the spacecraft
developed and constructed by the NASA Jet Propulsion
Laboratory (JPL), Pasadena, Calif. The mission was born of a
concept known as "The Grand Tour" to take advantage of a
geometric arrangement of the outer planets in the late 1970s.
This layout of Jupiter, Saturn, Uranus and Neptune, which occurs
about every 176 years, would allow a properly pointed spacecraft
to swing from one planet to the next without using large
spacecraft propulsion systems. The gravity of each planet would
bend the flight path and increase the velocity of the spacecraft
enough to deliver it to its next destination.

Because they would be traveling too far from the sun to use
solar panels, the Voyagers would use radioisotope
thermoelectric generators. These devices, used on other deep
space missions, convert the heat, produced from the natural
radioactive decay of plutonium, into electricity to power the
spacecraft instruments, computers and radio.

The Voyager mission was originally funded to conduct
intensive flyby studies of only Jupiter and Saturn. From NASA's
Kennedy Space Center, Fla., Voyager 2 was launched first, on
Aug. 20, 1977. Voyager 1 was launched on a faster, shorter
trajectory on Sept. 5, 1977. Both were launched atop Titan-
Centaur launch vehicles.

Voyager 1 encountered Jupiter on March 5, 1979 and Saturn
on Nov. 12, 1980. Voyager 2 encountered Jupiter on July 9,
1979 and Saturn on Aug. 25, 1981.

Mission planners might have sent one of the Voyagers
directly from Saturn to Pluto, but geometric constraints would
prevent the same spacecraft from making close flybys of
Saturn's moon Titan, Uranus or Neptune. Titan was a critical
target of the mission, so Voyager 1 would focus on that large
moon and the Saturnian rings. In conducting its close studies of
Saturn's rings and Titan, Voyager 1's flight path was thus bent



inexorably northward out of the ecliptic plane -- the plane in
which most of the planets orbit the sun. Voyager 2 meanwhile,
was targeted to a point at Saturn that would automatically take it
to Uranus and Neptune. Pluto had to be left for exploration by
future generations.

After the successful completion of Voyager 2's Saturn
encounter, NASA provided additional funding to continue
operating the two spacecraft and authorized JPL to explore
Uranus and Neptune with Voyager 2. The spacecraft
encountered Uranus on Jan. 24, 1986, returning detailed photos
and other data on the planet, its moons, rings and magnetic field.

Voyager 1 is still in operation and continues to press outward,
conducting studies of interplanetary space. Its instruments may
be the first to sense the boundary of this solar system and the
beginning of interstellar space.
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VOYAGER QUICK LOOK FACTS

Heliocentric 43,236 mph

CLOSEST APPROACHES
Time

Nereid 8/24/89 8:12p.m. EDT 2,890,000 mi

Ring-plane crossing  8/24/89 11:03 p.m. EDT

(inbound)

Neptune 8/24/89 12:00 midnight EDT 3,000 mi

Ring-plane crossing  8/25/89 1:29 a.m. EDT

(outbound)

Triton 8/25/89 5:14 a.m. EDT 23,600 mi

GENERAL FACTS
Voyager 1 Launch Date............cceueeee. September 5, 1977 Total (arc length) distance Voyager 2 has
Voyager 2 Launch Date..........ccccoenennnnee. August 20, 1977 traveled since launch at closest approach.......... 4.4 billion mi.
One-way light time, Voyager Total number of images taken at Neptune ......... 8,000
at Neptune to Earth........cccooiiiinninnnis 4 hours, 6 minutes
Cost of Voyager missions as of Neptune

Distance of Voyager 2 from Encounter (for both spacecraft not including
Earth on August 24, 1989 .........ccocceveunnes 2,748,802,418 mi launch, tracking or data acquisition) .................. $556 million
Velocity of Voyager 2 (on 8/24/89) .......... Geocentric 90,381 mph  General directions of Voyagers after ieaving solar system

..... Voyager 1 northward to the star AC+79 in Camelopardolis
..... Voyager 2 southward to the star Ross 248 in Andromeda




NEPTUNE

Neptune is the only planet to have been located through
mathematical predictions rather than by systematic observations
of the sky.

In the years following William Herschel's discovery of Uranus
in 1781, astronomers noted that Uranus was not faithfully
following its predicted path. Uranus seemed to accelerate in its
orbit prior to 1822 and then slow down. Amateur astronomer T.J.
Hussey in England suggested that Uranus's behavior might be
attributed to the gravitational pull of an unknown planet.

Two mathematicians, each working without knowledge of the
other, set out in search of the cause of Uranus's erratic behavior.
In 1845, Englishman John Couch Adams took his calculations to
Astronomer Royal Sir George Airy at the Greenwich
Observatory. But Airy did nothing with the information. Then in
1846, Frenchman Jean Joseph Urbain Le Verrier, unable to
interest astronomers in his own country, sent similar calculations
to Johann Gottfried Galle at the Berlin Observatory. Galle began
a search immediately. His assistant, Heinrich Louis d'Arrest,
provided him with the latest star maps of the area in question.
After about an hour's telescopic search on the first night, they
found an unidentified disc in the sky. On the second night, after
the object had moved, their discovery of an eighth planet could
be claimed.

Currently, Neptune is the farthest planet from the sun. Pluto
moved closer to the sun than Neptune in early 1979 and will
move farther away in early 1999.

Neptune's equatorial diameter is about 30,700 miles making it
only slightly smaller than Uranus, which has a diameter of
31,760 miles. But Neptune is denser than Uranus, which means
that Neptune contains heavier material.

Neptune is believed to be composed primarily of hydrogen
and helium. Atmospheric methane, which absorbs red light,
gives Neptune its bluish hue. Clouds of methane are expected
to condense at a pressure level of about 2 bars (twice the
atmospheric pressure at sea level on Earth), at a temperature
level of about -307 degrees Fahrenheit. Other cloud layers,
including water ice clouds, probably exist deeper in the
atmosphere.

At a distance of nearly 3 billion miles from the sun, Neptune
receives about 1,000 times less sunlight than does Earth, and
about two-and-a-half-times less than Uranus. But strangely,
Neptune's overall temperature is about the same as that of
Uranus's. Scientists believe that to account for this discrepancy,
Neptune must have some internal heat of its own, as do Jupiter
and Saturn.

Neptune's rotation rate is between 17 and 18 hours. The
planet's rotational axis is tilted about 29 degrees to the plane of
its orbit around the sun. (For comparison, the Earth's axis tilts
23.5 degrees.) Neptune's south pole is experiencing summer
and "midnight sun" while its north pole is cloaked in darkness.
Each season on Neptune lasts more than 40 years.

Scientists expect Neptune to have a magnetic field as do
Mercury, Earth, Jupiter, Saturn and Uranus. It should be
detected about 1 day before the spacecraft's closest approach to
the planet.

Neptune's Rings

In recent years, astronomers have used a classic technique
to search for rings around Neptune. On the rare occasions when
Neptune moves in front of a bright star, observers on Earth look
for flickers in the starlight. Rings may be deduced if the star's
light dims or blinks on and off at regular intervals on both sides of
the planet. In Neptune's case, the data has hinted of some ring
material, but nothing has been observed to indicate that



complete rings encircle the planet. The results of these
searches lead scientists to believe that Neptune must be orbited
by partial rings, or ring arcs, that are most likely composed of
dust or pebble-sized material. There may be three narrow 5- to
12-mile nearly circular sets of arcs in or near Neptune's
equatorial plane at distances that range from 11,000 to 26,000
miles from the planet's cloud tops.

Voyager 2's flight path carries the spacecraft close to the
outermost set of possible ring arcs. As at Uranus, there is likely
to be diffuse material that could fill much of the space within the
ring arc region. Although such a diffuse sheet of material is not
expected outside the ring arc area, the flight path can be
adjusted as late as 10 days before the closest approach to
Neptune in the event more distant ring arcs are discovered.

Several observations will be retargeted when individual ring
arcs are located in images taken as the spacecraft approaches
the planet. Pointing instructions for Voyager may be uplinked
only a day or two before the spacecraft's closest approach to the
planet.

As Voyager passes behind the rings, changes in Voyager's
radio signal will be analyzed to determine the sizes of the
particles in the rings as well as the structure of the rings or ring
arcs.

Neptune's Moons

Neptune had two known satellites -- Triton and Nereid --
before Voyager began its approach. Voyager 2 found a third,
designated 1989 N1, in early July. The new moon travels in a
nearly circular, equatorial orbit, while neither Triton nor Nereid
travels in the plane of the planet's equator. The plane of Triton's
retrograde orbit (a direction opposite the planet's rotation) is at
an angle inclined at about 20 degrees to Neptune's equator,
while the plane of Nereid's prograde orbit (a direction with the
planet's rotation) is at an inclined angle of 30 degrees.

8

In early August, Voyager 2 found three additional moons
orbiting Neptune, bringing the total known moons to six. The
three newest Neptunian moons, temporarily designated 1989
N2, 1989 N3 and 1989 N4, occupy nearly circular and equatorial
orbits around the blue planet. All move in prograde orbits,
making the large moon Triton, which occupies a retrograde orbit,
even more of an oddity. Ali three new moons exist in the region
where partial Neptunian rings or "ring arcs" are thought to exist.
If the arcs exist, the new moons might play an important role in
"sheperding” and maintaining them.

Triton is roughly the size of Earth’s moon. Based on early
observations by Voyager 2, Triton appears to be fewer than
2,500 miles in diameter. Earth's moon is 2,159 miles in diameter.

Until recent Voyager data suggested otherwise, scientists
believed that because of Triton's peculiar retrograde orbit and the
exaggerated tilt of its orbital plane, Triton must have been a
planetesimal wandering the solar system alone when it was
captured by Neptune. Since Voyager's discovery of 1989 N1,
however, scientists are more uncertain about Triton's origin. |f
Triton were a relative newcomer to the Neptune system, it would
have passed near enough to the low orbit of any preexisting
moon such as 1989 N1 to collide with it or sweep it up through
gravitational attraction. The existence of 1989 N1 in the orbit it
occupies suggests that Triton may not be a captured object, but
instead a native to Neptune.

Triton was discovered by William Lassell of England in 1846,
less than a month after the discovery of Neptune.

Orbiting at an average distance of 220,300 miles from
Neptune, Triton is nearly as far from its parent planet as the
moon is from Earth. Triton is the only large moon in the solar
system with a retrograde orbit. The moon completes one
rotation on its axis every 5.88 days. That is the same amount of
time it takes Triton to circle Neptune, so the satellite always
shows the same face to Neptune, just as Earth's moon shows
Earth.



Current evidence suggests that methane exists as frost or ice
on the satellite's surface, giving rise to methane in the
atmosphere. Triton is cold enough for nitrogen to exist as a solid
on its surtace and possibly as a liquid as well (liquid nitrogen's
melting/freezing point is -346 degrees Fahrenheit.) Thus, Triton
may harbor shallow puddles or iced pools of liquid nitrogen
containing small amounts of methane and have nitrogen in its
atmosphere at a pressure equivalent to about a tenth of Earth's
atmosphere. Voyager should be able to see Triton's surface
through the atmosphere.

Triton's reddish color is believed to be due to photochemistry -
- the action of sunlight on hydrocarbons in the atmosphere -- like
that which occurs in the much denser atmosphere of Saturn's
moon Titan.

Voyaget's instruments will probe Triton's surface in search of
a rich, hydrocarbon sludge of organic molecules that might exist
there.

Triton's highly inclined orbit may contribute to dramatic
seasonal variations. Each pole spends 82 years facing the sun,
while the other pole is in darkness. At the sunlit pole, ices of
nitrogen, methane and argon may vaporize, adding to Triton's
atmosphere. Meanwhile, vaporous substances at the dark pole
would condense into an ice cap. This alternating shrinkage and
growth of polar caps could mean that Triton's atmosphere varies
dramatically, growing thicker and thinner with its 41-year-long
seasons as it orbits the sun with Neptune every 165 years.

Nereid is between 190 to 680 miles in diameter and travels
around Neptune in a highly elliptical orbit ranging from 862,000
to 5,987,000 miles. Nereid was discovered in 1949 by Gerard
Kuiper of the United States.

Voyager 2's closest flyby distance to this little moon will be
about 2,890,000 miles. Even at that range, Voyager may discern
bright and dark areas on Nereid's surface.

The innermost of the new moons is 1989 N3, which orbits at a
distance of 32,300 miles from the center of the planet or about
17,000 miles from Neptune's cloud tops. The moon 1989 N4
orbits about 38,000 miles from the planet's center or about
23,300 miles from the cloud tops. Next is 1989 N2, orbiting at
about 45,400 miles from Neptune's center or about 30,000 miles
from the cloud tops. The moon 1989 N1, which could range in
diameter from 126 to 400 miles, orbits about 57,500 miles from
Neptune's cloud tops. Voyager 2 will continue to study the new
moons, and search for others, throughout the encounter.

The Radiation Environment at Neptune

The radiation environment near the planet is not expected to
be as intense as that observed at Jupiter, where the radiation
was fatal to Voyager 1's photopolarimeter instrument and
temporarily desensitized the spacecraft's ultraviolet
spectrometer. In addition, Voyager 1 sustained enough
temporary radiation damage to confuse the spacecraft's internal
clock, throwing off the synchronization between two of the
computers onboard the spacecraft by 8 seconds. This timing
problem resulted in, among other things, some smeared or
blurred images of Jupiter and its moons.

Although the Voyager team believes such risks are minimal at
Neptune, computer command sequences for the Neptune flyby
have been carefully written to minimize adverse radiation effects
on the observations.



SCIENCE OBJECTIVES

Voyager 2's complement of 11 investigations will be dedicated
to more than two dozen major scientific objectives during the
Neptune encounter.

The spacecraft is equipped to observe a broad range of
planetary phenomena. At Neptune, it will find a banded, storm-
ridden atmosphere, a ring system unlike any other in the solar
system, a large and peculiar moon with an atmosphere of its own
and probably several small icy or rocky moons that cannot be
seen from Earth.

Ten instruments are mounted on various locations throughout
the spacecraft and the radio through which Voyager
communicates with Earth doubles as a scientific instrument that
probes planetary and satellite atmospheres.

The instruments can be divided into two general classes:
those that require pointing (remote sensors) and those that do
not (in situ sensors).

There are five pointable instruments: the imaging science
subsystem (consisting of wide-angle and narrow-angle television
cameras), infrared interferometer spectrometer and radiometer,
photopolarimeter, radio science subsystem and ultraviolet
spectrometer. All but the radio ride on the spacecraft's steerable
scan platform.

The other six instruments measure energetic particles, radio
emissions and magnetic fields in space and near planets. They
are the magnetic fields experiment (consisting of four
magnetometers), plasma subsystem, low-energy charged-
particle detector, cosmic-ray subsystem, plasma-wave
subsystem and the planetary radio astronomy experiment.
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Voyager 2's observations with these instruments can be
divided into four groups at Neptune: atmosphere, rings,
satellites and magnetosphere.

Atmosphere

Light emitted and reflected from Neptune's atmosphere will be
measured by the photopolarimeter, the imaging and the infrared
instruments to determine the atmospheric chemistry and
composition.

As the spacecraft passes behind Neptune, the spacecraft's
radio signals will pass through the upper layers of the
atmosphere. As the signals are received on Earth, scientists will
analyze how the received transmissions were affected as they
passed through Neptune's atmosphere. This will determine such
characteristics as the amount of atmospheric methane and
helium. This 50-minute experiment also will determine the
vertical structure of Neptune's ionosphere and study turbulence
in the atmosphere and ionosphere.

Ultraviolet emissions from Neptune may form a corona above
the atmosphere. Auroras may be seen in ultraviolet light on the
dark northern face of Neptune near the north pole. As the
spacecraft passes behind Neptune, the ultraviolet spectrometer
will study the way sunlight is changed by the atmosphere. From
this, scientists may derive the composition and thermal structure
of the atmosphere.

While the ultraviolet spectrometer examines the upper
atmosphere, the infrared and radio science experiments will
provide information on the composition, pressures and
temperatures deeper in the atmosphere.

Voyager scientists hope to observe and define the global
circulation and meteorology of the upper, visible clouds of
Neptune, as well as the horizontal and vertical distribution of
clouds and hazes.



Various instruments, notably the infrared spectrometer, will be
used to determine the heat balance at Neptune -- the ratio of
internal energy emitted to solar energy absorbed. It is known that
like Jupiter and Saturn, but unlike Uranus, Neptune emits
more heat than it receives from the sun. Measures of the excess
energy emitted will have important implications for theories on
Neptune's formation and weather mechanisms. Imaging will help
characterize wind speeds at different latitudes.

Voyager 2 will pass behind Triton, where both the sun and
Earth will be hidden from view for about 3 minutes. The ultraviolet
spectrometer will be able to view the atmosphere as the sun
shines through it, and the spacecratft's radio beams will probe the
atmosphere to determine temperature and pressure levels.

The masses of Triton and Neptune will be determined with
Voyager's radio. As the spacecraft accelerates through the
Neptunian system, the frequency changes in its radio signal -- the
Doppler shift -- will be precisely measured to study the magnitude
of the planet's and Triton's gravity. From this information,
scientists can determine each body's mass.

Magnetic Field

The interplanetary medium through which Voyager flies is
dominated by the solar wind -- charged particles blowing out from
the sun. As the solar wind nears a planet, it is deflected by and
flows around the planet's magnetic field.

The magnetic fields of Earth, Jupiter, Saturn and Uranus are all
shaped like windsocks, with the bulbous end facing the sun and a
long tail sweeping behind the planet away from the sun. Where
the solar wind meets the planet's magnetic field, there is a shock
wave whose edge ebbs and flows according to the solar wind's
varying strength.

"

Fields and particles instruments on Voyager 2 are
continuously sampling the interplanetary medium, searching for
signs of Neptune's magnetosphere. Voyager may fly through an
auroral region over Neptune's north pole. About 1 hour before
closest approach, the spacecraft will rotate to measure charged
particles that probably spiral into Neptune's atmosphere in this
region. On the dark side of Neptune, the ultraviolet instrument
will look for auroral activity. About 2 hours after closest
approach, the spacecraft will roll again to study plasmas that
rotate with the planet.

Fields and particles investigations also will search for
evidence of a torus from Triton -- a vaporous cloud composed of
material carried off from the satellite's atmosphere that could
surround Neptune. The instruments will look for "shadows" in
the Neptune radiation environment -- gaps that would indicate
the presence of unseen moons or ring arcs absorbing some of
the trapped high-energy particles flowing along magnetic field
lines.

Sometime before closest approach, Voyager 2's planetary
radio astronomy antennas will pick up radic emissions generated
in the planet's magnetosphere. These emissions are generated
around other planets by energetic particles as they spiral along
magnetic field lines into the atmosphere. As at Jupiter, Saturn
and Uranus, such an emission from Neptune will give an
accurate measurement of the planet's length of day.

The plasma wave instrument will search for signals produced
in and around the magnetic field by plasmas, which are
concentrations of charged particles. It also will detect lightning in
the atmosphere and the presence of tiny ring particles that might
strike the spacecraft as it moves through the Neptune system.



VOYAGER PASSES I
OUTSIDE RING FRAGMENTS
CLOSEST POINT

TO NEPTUNE 3,000 mi.

CLOSEST POINT
TO TRITON 24,000 mi.

TRITON

VOYAGER 2 FLYBY OF NEPTUNE

AUGUST 25, 1989




Rings

The partial rings or "ring arcs" of Neptune are probably made
of dark material like the rings of Uranus. Searches for ring arcs
will be conducted throughout the spacecraft's approach and
during several retargetable observations planned for the near
encounter-period. When in the shadow of Neptune, Voyager
may see a broad sheet of ring particles backlit by the sun.

Voyager's instruments will be used to determine the size,
distribution and reflective properties of ring particles. Toward this
end, Voyager will conduct stellar occultation studies, measuring
the amount of starlight from the star Sigma Sagitarii passing
through the ring plane area. In addition, radio occultation studies
will measure changes in a radio signal sent through the ring
plane to Earth.

The photopolarimeter and radio experiment may pinpoint the
locations of at least some of the ring arcs while helping to define
their structures. Voyager will search for tiny satellites that could
be affecting the organization of the distorted and broken ring
system.

Moons

Triton's atmosphere will be measured by the photo-
polarimeter, ultraviolet and infrared instruments, TV cameras and
radio.

The ultraviolet instrument and photopolarimeter will gather
information on the extent and structure of the moon's
atmosphere as Triton eclipses the star Beta Canis Majoris from
the spacecraft's point-of-view.

Infrared mapping of the moon's dark and sunlit sides will
reveal temperatures and some surface properties. Variations in
the surface temperature may indicate the existence of frozen or
liquid nitrogen on the ground.

Radio science investigations will reveal the density of Triton's
atmosphere and help determine its composition. Methane is
known to exist in Triton's atmosphere and there is a suggestion
that some nitrogen is present. A dense atmosphere is expected
if it is mostly nitrogen-based; a less dense atmosphere if it is
mostly methane (carbon-based). In either case, hydrocarbons,
at least in the form of methane, are known to exist there, so
Triton is certain to be home to more complex chemistry than
exists on most other moons in the solar system.

A mosaic of high-resolution images of Triton will be used to
map the surface and study geological processes, and photos of
the atmosphere will provide clues to its composition.

Measurements of Triton's mass will be combined with the
radius determined by radio occultation and imaging to estimate
Triton's density. The density estimate will indicate how much
rock and ice comprise the overall composition of the moon.

Science Plans Beyond Neptune

The Voyager Interstellar Mission will start after the completion
of the Neptune encounter on Oct. 2, 1989. During this phase of
the mission, Voyager 1 and Voyager 2 will be tracked as they
move out of the sun's influence. But the beginning of the
interstellar leg of Voyager 2's trek will mean the end of the
working lives of some of the instruments on the spacecraft that
will no longer be needed.

By about mid-1990, the cameras, infrared instrument and
photopolarimeter will be turned off. The electrical energy savings
from their shutdown will contribute to the operational lives of the
other instruments -- planetary radio astronomy, plasma wave,
low-energy charged-particle, plasma, cosmic ray and magnetic
field -- that will measure the fields and particles these
instruments observe during Voyager's passage into interstellar
space. The ultraviolet spectrometer will be devoted to
observations of ultraviolet stars. No regular radio science

experiments are planned.
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NEPTUNE NEAR ENCOUNTER HIGHLIGHTS
Voyager IMAGE MOTION COMPENSATION

CLASSICAL IMC

ENTIRE SPACECRAFT
TURNS TO TRACK
TARGET - BREAKS
COMMUNICATIONS
LINK WITH EARTH

NODDING (NIMC)

SPACECRAFT “NODS”
TO TRACK TARGET -
STAYS ON EARTHLINE -
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Onboard spacecraft data compression and encoding
techniques like those used at Uranus, in combination with the
upgraded receiving capability of the DSN, have ensured that
Voyager 2 will be transmitting high-quality data at a rate of 21.6
kilobits-per-second -- the same data rate used from Uranus --
despite being 1 billion miles farther from the Earth.

Despite Voyager's increased distance from Earth, it will send
images back at the same rate at which images were transmitted
from Uranus. Improvements in telecommunications capabilities
on the ground will allow receipt of a maximum of about 12 to 17
images-per-hour and an average of about 200 a day. But this
rate of return can be accomplished only through special
techniques of data compression and encoding in which the 5
million bits-per-picture will be compressed to 2 million bits and
fed into the telemetry stream at a lower rate than was used at
Jupiter or Saturn.

Dr. Bradford A. Smith of the University of Arizona, Tuscon, is
the imaging team leader.

Infrared Interferometer Spectrometer and Radiometer

The infrared interferometer spectrometer and radiometer is a
telescope-based system that measures the spectrum of thermal
energy radiated by Neptune and Triton at infrared wavelengths
from 2.5 to 50 microns and the reflected light at wavelengths
from 0.3 to 2 microns. The instrument weights 40.6 pounds and
uses 14 watts of power.

Dr. Barney Conrath of NASA's Goddard Space Flight Center,
Greenbelt, Md., is principal investigator.
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Photopolarimeter Subsystem

The photopolarimeter subsystem (PPS) consists of a
telescope fitted with filters and polarization analyzers. It
measures the way its targets reflect light; it determines their
properties as the reflected light is polarized by chemicals and
aerosols in the case of Neptune's and Triton's atmospheres or by
small particles in the ring arcs and on satellite surfaces.

The PPS will conduct studies of Neptune and Triton's
atmospheres and the ring arcs. The instrument will measure
changes in the starlight from Sigma Sagitarii and Beta Canis
Majoris when Neptune, Triton and the ring plane pass in front of
the stars from the spacecraft's point of view. The instrument
weighs 9.72 pounds and uses 2.4 watts average power.

Dr. Arthur L. Lane of NASA's Jet Propulsion Laboratory,
Pasadena, Calif., is principal investigator.

Radio Science Subsystem

Voyager's two-way radio communications link with Earth also
is used to conduct scientific investigations. Precise
measurements of the phase and amplitude of the radio signal
can be analyzed to detect minute variations caused by its
passage near or through Neptune's and Triton's atmospheres
and through the ring plane.

Dr. G. Len Tyler of the Center for Radar Astronomy at
Stanford University, Calif., is team leader.



Ultraviolet Spectrometer

The ultraviolet spectrometer will gather data on the
composition of the atmospheres of Neptune and Triton through
atomic emission and absorption techniques.

The ultraviolet spectrometer uses a grating spectrometer
sensitive to ultraviolet radiation in the range from 500 to 1,700
angstroms. The experiment weighs 9.90 pounds and uses 2
watts of power.

Dr. A. Lyle Broadfoot of the University of Arizona, Tucson, is
principal investigator.

Cosmic-Ray Subsystem

The primary function of the cosmic-ray subsystem is to
measure the energy spectra of trapped, energetic electrons.

The cosmic-ray subsystem uses seven independent solid-
state-detector telescopes. Working together, they cover the
energy range from 0.5 million to 500 million electron volts. The
cosmic-ray subsystem weighs 16.6 pounds and uses 5.2 watts of
power.

Dr. Edward C. Stone of the California Institute of Technology,
Pasadena, is principal investigator.

Low-Energy Charged-Particle Detector

The low-energy charged-particle detector (LECP) is designed
to characterize the composition, energies and angular
distributions of charged patrticles in interplanetary space and
within planetary systems.
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Two solid-state particle detector systems are mounted on a
rotating platform. The detector's sensitivity to charged particles
ranges from 15,000 to more than 160 million electron volts. The
LECP weighs 16.5 pounds and draws 4.2 watts of power during
encounter operations.

Dr. S. M. (Tom) Krimigis of the Applied Physics Laboratory at
Johns Hopkins University, Laurel, Md., is principal investigator.

Magnetic Fields Experiment

The magnetic fields experiment consists of four
magnetometers that detect and measure magnetic fields. At
Neptune, they will study the interaction of the magnetic field with
moons orbiting within it and observe the interplanetary-
interstellar magnetic fields in the vicinity of the planet.

Two low-field magnetometers are mounted on a 43-foot boom
away from the magnetic field of the spacecraft itself. Two high-
field magnetometers are mounted on the spacecraft body to
measure fields more than 30 times stronger than that at Earth's
surface. The total weight of experiment components is 12
pounds. The experiment uses 3.2 watts of power.

Dr. Norman F. Ness of the Bartol Research Institute at the
University of Delaware, Newark, is principal investigator.

Planetary Radio Astronomy Experiment

Voyager 2's planetary radio astronomy experiment (PRA) will
search for and characterize a variety of radio signals emitted by
Neptune. The PRA will determine the relationship of these
emissions to the moons, the magnetic field, atmospheric
lightning and plasma environment. The detector also will
measure planetary and solar radio bursts from different
directions in space and relate them to measurements made from
Earth.



The PRA uses two 33-foot electric antennas as detectors,
which PRA shares with the plasma-wave subsystem. PRA
covers the range from 20 kilohertz to 40.5 megahertz in the
radio-frequency band. The instrument weighs 16.9 pounds and
uses 6.8 watts of power.

Dr. James W. Warwick of Radiophysics Inc., Boulder, Colo., is
principal investigator.

Plasma Subsystem

The plasma subsystem (PLS) studies the very hot ionized
gases, or plasmas, that exist in interplanetary regions and within
planetary magnetospheres.

At Neptune, the PLS will study the extent and configuration of
the magnetic field and the nature and sources of internal plasma.
In addition, it will observe the solar wind and its interaction with
the Neptune system.

Later in the Voyager Interstellar Mission, the PLS will
determine the extent of the solar wind and the nature of the
boundary between the solar wind and the interstellar medium.

The PLS consists of two plasma detectors sensitive to solar
and planetary plasmas -- both positive ions and electrons -- with
energies between 10 and 6,000 electron volts. The experiment
weighs 21.8 pounds and draws 8.3 watts of power.

Dr. John Belcher of the Massachusetts Institute of
Technology, Cambridge, is principal investigator.

19

Plasma-Wave Subsystem

Voyager's plasma-wave subsystem (PWS) is designed to
measure the electric-field components of local plasma waves. At
Neptune, it will measure the density and distribution of plasma,
interactions of plasma waves with energetic particles and the
interactions of moons and ring arcs with the planet's
magnetosphere.

The PWS will provide key information on the phenomena
related to the interaction of plasma waves and particles that
control the dynamics of the magnetosphere.

Two extendable electric antennas, shared with the planetary
radio astronomy experiment, serve as plasma-wave detectors.
The system covers the range from 10 hertz to 56 kilohertz. In
the normal mode, the PWS acts as a scanner, stepping from one
frequency to another. In a second mode at selected times during
the encounter, the system can record electric-field waveforms
across all frequencies in a broad band (50 hertz to 10 kilohertz).

The experiment weighs 3.02 pounds and uses 1.4 watts of
power in the normal step-frequency mode and 1.6 watts in the
step frequency-plus-waveform-analyzer mode.

Dr. Donald Gurnett of the University of lowa, lowa City, is
principal investigator.



VOYAGER 2's HEALTH

The Voyager spacecraft engineering team has learned to
cope creatively with several problems the geriatric machine has
experienced in its long lifetime. Still, the spacecraft and all of its
instruments are in good operating condition.

Malfunctioning Radio

On April 5, 1978, the spacecraft's computer-command
subsystem automatically switched to the back-up receiver. The
back-up at that point had concealed a problem of its own -- a
faulty tracking loop capacitor -- meaning that the receiver could
not hold onto the changing frequency of the transmitted signal.
This required the ground transmitter to send the precise
frequency, taking into account the Doppler shift caused by the
relative motion between the spacecraft and Earth, so that it
would match the frequency that the receiver on the spacecraft
was expecting. That frequency depends on a number of factors,
including the receiver's temperature which fluctuates with
spacecraft activity. When the prime receiver was turned back on,
it failed almost immediately, requiring that the rest of the mission
be flown on the tone-deaf back-up receiver.

Voyager engineers have determined how the tuning depends
on temperature and how the operation of different subsystems
onboard affects the temperature of the receiver. Even so, there
is a period after any change in the spacecraft's configuration
when it is impossible to know the receiver's temperature with
adequate precision. As a result, commands are not routinely
transmitted to Voyager after a change in the spacecraft
configuration until the receiver's temperature has had time to
stabilize.
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If need be, controllers can send commands to the spacecraft
at different frequencies in rapid succession to ensure that one
will be picked up by the receiver. This and other techniques, that
work around the crippled receiver, were successfully employed
at Jupiter and have been refined further in ensuing years.

There is always a chance that the backup receiver could fail
or lose contact with Earth permanently. The Voyager team has
planned against this possibility by programming a backup
spacecraft computer with simplified encounter routines for
execution at Neptune. The spacecraft has been instructed to
send data back to Earth even in the event that it loses uplink
contact.

The Stuck Scan Platform

In 1981, Voyager 2's scan platform jammed in one axis just
after its Saturn encounter. The problem limited pointing of the
instruments for the duration of the encounter.

After 2 days, the platform was again movable. Three years of
analysis and testing showed that the problem was due to a loss
of lubricant from overuse at high speeds, which resulted in
damage to a bearing in the high-speed gear train of the platform.
The lubricant apparently migrated back into the gear train after a
short period of rest and the platform was successfully operated
at lower speeds during the Uranus encounter.

The scan platform continues to be fully operable at lower
speeds and has operated successfully during the cruise to
Neptune. It is expected to operate without problems through the
end of the Neptune encounter.



MISSION OPERATIONS

Commands for controlling Voyager 2's systems and
operations are sent to the spacecratft in a single beam of radio
signals from an antenna at one of NASA's Deep Space Network
complexes. The DSN is comprised of large antennas at
communications complexes in Spain, Australia and California.
One command load of up to 2,500 18-bit words can provide the
spacecraft with enough instructions to carry out a sequence of
tasks over a period ranging from 2 days to 6 months.

The Voyager science teams determine the observations to
satisfy mission objectives. In turn, the Voyager sequence team
designs time blocks in which the spacecraft will make the
science observations as it concurrently performs engineering
and navigation tasks. These sequences are tested in computer-
based simulations of the spacecraft to ensure their consistency
with the spacecraft's hardware, software and operational
constraints.

The Voyager project has maintained nearly the same
operating procedures employed during the Jupiter and Saturn
encounters, but with about one-third the staff. This has resulted
in fewer but longer-running command loads to the spacecraft
during interplanetary cruise phases since the Saturn encounter
and has limited the number of calibrations performed.

Commands are sent at a rate of 16 bits-per-second through
the 230-foot antenna at any one of the three DSN complexes.
Traveling at the speed of light, the commands will reach the
spacecraft at Neptune in 4 hours, 6 minutes. With the long delay
in round-trip communication time, engineers are unable to
respond quickly if a spacecraft problem develops. For this
reason, the spacecraft's master computer, called the computer
commarnd subsystem, has been programmed with a set of stored
responses to anticipated problems.
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The computer allows the spacecraft to act autonomously,
quickly protecting itself from situations that could jeopardize
communications or spacecraft operations. The computer
command subsystem also contains the back-up mission load,
the basic commands that would allow Voyager 2 to conduct
rudimentary investigations of Neptune if the spacecraft's radio
receiver were to fail.

Occasionally the need arises to change the state of the
spacecraft or one of its instruments beyond the scope of the
commands already in the spacecraft computer. Commands of
this type are called real-time commands and are usually sent for
immediate execution by the spacecraft.

The telemetry received at the DSN complexes is transmitted
to JPL via wide-band and high-speed data lines. The wide-band
lines are used primarily for high-bit-rate science telemetry, while
the high-speed lines are used for engineering telemetry and low-
bit-rate science collected during the cruise phase.

Overseas lines are routed through NASA's Goddard Space
Flight Center, Greenbelt, Md., via satellite links. The Goldstone,
Calif., transmissions are sent directly to JPL through ground
microwave stations.

Both wide-band and high-speed transmissions are received at
JPL by the Network Operations Center, where they are logged
on tape and routed in real time to the Mission Control and
Computing Center (MCCC). The MCCC is responsible for
display, control, decoding and routing of real-time telemetry to
the Test and Telemetry System (TTS) and JPL's Multimission
Image Processing Laboratory. The TTS displays engineering
telemetry in real time for the spacecraft team and the mission
control team and processes and displays science data for each
of the science teams other than imaging.



Imaging data are transferred to the Multimission Image
Processing Laboratory for processing and analysis. Here, the
imaging data are decompressed. During this process, the
images can be enhanced to bring out subtle features and, in
some cases, corrected for errors.

All data from the spacecraft experiments are collected and
processed into Experiment Data Records, which contain all
available science and engineering data from a given instrument.
The records are the final data product forwarded to investigators
for analysis. A companion record called the Supplementary
Experiment Data Record accompanies the Experiment Data
Records and contains the best estimate of the conditions under
which the observations were made.

Reducing the Volume of Data

As Voyager travels farther away, the rate decreases, at which
the DSN antennas can reliably receive the data. For example, at
Jupiter about a half-billion miles from Earth, the highest data rate
was 115,200 bits-per-second (bps); at Neptune, 2.5 billion miles
away, the data rates will be 21,600 and 14,400 bps.

To increase the amount of data that refiably can be returned,
flight engineers have devised ways to reduce the number of bits
required to transmit images. These include changing the way
the spacecraft encodes the data before sending it, editing and
compressing the data.

At Jupiter and Saturn, all science data except imaging was
encoded with an error-correcting code that required as many bits
of data for the code as there were bits of data. For Uranus, all
science data, including imaging, was coded with a more efficient
technique to reduce the overhead to about 15 percent. The
same coding will be used at Neptune.
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Imaging data also may be edited or compressed to reduce
the number of bits-per-image. A Voyager imaging frame
comprises 800 lines by 800 picture elements (pixels) per line -- a
total of 640,000 pixels-per-image. Eight bits express the gray
level of each pixel, ranging from 0 (black) to 255 (white). Thus,
each image requires 5.12 million bits.

Data compression reduces the bit volume by 60 to 70
percent. The total number of bits needed to transmit an image is
reduced, but images still can be returned at full size and full
resolution. The edges of "busy" scenes may be jagged.

To compress the data, each line is divided into blocks of five
pixels. The absolute brightness of the first pixel in each line is
sent, and then the brightness of each of the following pixels is
expressed as its difference from the brightness of the preceding
pixel.

TELECOMMUNICATIONS

The Deep Space Network, operated by the NASA JPL, has
carried out all tracking and communication with the Voyagers
since they left the Earth.

DSN stations are located around the world, in multi-antenna
complexes at Goldstone, in California's Mojave Desert; in
Robledo, near Madrid, Spain; and on the Tidbinbilla Nature
Preserve near Canberra, Australia. The three complexes are
spaced at widely separated longitudes so that spacecraft can be
in continuous view as the Earth rotates.

Each location is equipped with 230-foot antenna (enlarged
from 210 feet); one standard and one high-efficiency 112-foot
antennas; and a 85-foot antenna.



In addition to the antennas, each of the network's signal
processing centers houses equipment for transmission,
receiving, data-handling and interstation communication. The
downlink radio frequency system includes cryogenically-cooled,
low-noise amplifiers.

Uplink

The uplink operates at S-band radio frequency (2,113
megahertz), carrying commands and ranging signals from
ground stations to the spacecraft. The 230-foot antenna stations
have 400-kilowatt transmitters. Transmitting power for the
standard 112-foot stations is 20 kilowatts.

Downlink

The downlink is transmitted from the spacecraft at S-band
(approximately 2,295 MHz) and X-band (approximately 8,415
MHz) frequencies. The standard 112-foot antennas and the 230-
foot antennas can receive the S- and X-band signals
simultaneously. The high-efficiency, 112-foot antennas receive
only X-band transmissions.

The signal from Voyager's 20-watt transmitter (about the
same wattage as the light bulb in a refrigerator) gets
progressively fainter as the spacecraft moves farther away. By
the time it reaches Earth, the signal is about 20 billion times
weaker than the battery power that runs an ordinary digital
wristwatch. To track this faint signal, either larger antennas or
more sensitive receivers are needed. In addition, more power
(up to 100 kilowatts for Voyager) is needed to transmit to the
spacecraft across the vast distance.

Shortly after the Voyager 2 Uranus flyby, the three largest
(210 feet in diameter) and most sensitive antennas of the Deep
Space Network were systematically stripped of their surfaces
and rebuilt to create an even larger (230-foot) receiving area for
the incoming signal.

During the Neptune encounter, the 230-foot and 112-foot
antennas at each complex will be arrayed so that their combined
collecting areas will increase the amount of signal captured.
This will improve the potential for high-rate, low-error data return.

At Canberra, the three DSN antennas will be arrayed with the
210-foot Parkes Radio Astronomy Observatory. The Parkes
facility, operated by the Congress of Scientific and Industrial
Research Organization, is once again critical to spacecraft
support during the Neptune encounter. As during the Uranus
encounter, the high southern (-23 degree) declination of Voyager
2 will result in long, 12-hour periods during which the spacecraft
will be over the Canberra complex and 9 houis over the Parkes
antenna. (The shorter viewing time at Parkes is due to antenna
pointing constraints.) The quality of data received at the
Australian facility also is likely to be higher than that received in
California and Spain because of the large distance between
antennas, which decreases the risk of data loss due to local
weather conditions.

Innovative uses of other, existing equipment, along with the
larger antennas, will significantly increase the potential data
return from Voyager during its last planetary encounter.

In Japan, the 210-foot Usuda Radio Observatory tracking
antenna, owned by the Institute of Space and Astronautical
Science of Japan, will join the Canberra station in collecting radio
science data during the Neptune and Triton radio occultation
experiments.

In the U.S., radio astronomy antennas never before used to
track spacecraft have been accepted into service to track
Voyager at Neptune. The 27 90-foot antennas of the Very Large
Array in Socorro, N.M., operated by Associated Universities, Inc.,
for the National Science Foundation, will be arrayed with the
Goldstone, Calif., tracking station.
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RELEASE: 89-132
TWO PARTIAL RINGS OF NEPTUNE DISCOVERED BY VOYAGER SPACECRAFT

NASA's Voyager spacecraft imaging science team has found two
of the long-sought-after ring arcs, or partial rings, thought to
exist around Neptune. The arcs were found in photographs
returned by the Voyager 2 spacecraft early this morning at NASA's
Jet Propulsion Laboratory, Pasadena, Calif.

The two ring arcs apparently are associated with two of the
new Neptunian moons also found by Voyager 2 earlier this month.
The arcs appear to partially wrap around approximately 45 degrees
and 10 degrees, respectively, the planet's equatorial plane. One
is about 30,000 miles in length, and the second is about 6,000
miles long.

The first arc, the longer of the two, was seen just outside
the moon 1989 N4, which orbits about 38,500 miles from the
Planet's center or about 23,300 miles from the planet's cloud
tops.

The second arc appears to trail the moon 1989 N3 by
approximately 90 degrees or about 50,000 miles. That moon orbits
Neptune at a distance of about 32,300 miles from the center of
the planet or about about 17,000 miles from the planet's cloud
tops.

Astronomers have long suspected the existence of such an
irregular ring system around Neptune. Data from repeated ground-
based observations hinted at the existence of disorderly strands
of partial rings orbiting Neptune. Voyager's photographs of the
ring arcs are the first photographic evidence that such a ring
system exists.

- more -
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Voyager scientists said the ring arcs may be comprised of
debris associated with the nearby moons or may be the remnants of
moons that have been ground down or torn apart through
collisions. Close-up studies of the ring arcs by Voyager 2 in
coming days should help determine the rings' composition.

More ring arcs are expected to be found as the spacecraft
nears the planet, Voyager scientists said.

Discovery of the two arcs wheun the spacecraft was still
about 13 million miles from Neptune gives the Voyager team time
to schedule detailed photography of the ring arcs when the
spacecraft comes within 3,000 miles of the planet on Aug. 24 and
25.

The Voyager mission is conducted by the Jet Propulsion
Laboratory for NASA's Office of Space Science and Applications.

- end -
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N89-60
EDITORS NOTE:

AUG. 18 GALILEO BRIEFING CANCELLED; SPACECRAFT SHOWING RESET

A Galileo spacecraft press briefing, scheduled for Aug. 18
at the Kennedy Space Center, Fla., has been cancelled.

The briefing was to accompany a viewing of Galileo and its
Inertial Upper Stage (IUS) at the Vertical Processing Facility.
However, a ground support equipment problem made it necessary to
alter the processing schedule and forced the rescheduling of the
press viewing opportunity to the afternoon of Aug. 20.

The exact time of the press showing has not yet been set.
Project officials will be available to discuss Galileo/IUS
processing at KSC and there is a possibility of STS-34 flight
crew participation. News media interested in more details about
this event should call the KSC Newsroom at 407/867-2468.

The press briefing was cancelled to avoid conflict with a

Galileo briefing to be held at noon EDT, Aug. 20, at the Jet
Propulsion Laboratory, Pasadena, Calif.

- end -
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RELEASE: 89-133
ANTENNA IN JAPAN TO AID VOYAGER'S RADIO SCIENCE STUDY OF NEPTUNE

A tracking station in Japan has been added to the network of
giant antennas trained on NASA's Voyager 2 during its f£lyby of
Neptune on August 25 to help the spacecraft mission's radio
science experiment.

Scientists say they will be able to "see" twice as deeply
into the atmosphere of the giant gas planet, thanks to the
participation of the 210 foot antenna at Japan's Usuda Deep Space
Center.

The collaboration was arranged through an agreement signed
in 1988 between NASA and Japan's Institute of Space and
Aeronautical Studies (ISAS), which operates the Usuda center..
Under the agreement, physicist Dr. Nobuki Kawashima of ISAS will
join the Voyager Radio Science Team.

"Using Usuda will allow us to extract information on deeper
parts of Neptune's atmosphere," said Dr. Len Tyler of Stanford
University, principal investigator for the Voyager radio
experiment. "Also, the quality of the data we will have for any
given point will be twice as good."

During these observations, scientists will listen not to the
information carried by Voyager's radio signal but rather to the
signal itself -- especially its strength and frequency -- as the
spacecraft sails over Neptune's north pole and dips behind the
planet .

Barely perceptible changes in the radio signal convey
signatures of the structure, composition and temperature of the
seas of gases that constitute Neptune's atmosphere, as well as ..
the planet's gravity field.

- more -



As the spacecraft disappears behind a planet or moon from
the Earth's point of view, its radio signal is refracted, or
bent, during passage through the planet's or moon's atmosphere.

Tiny changes in the signal's frequency and strength give
scientists a portrait of the atmosphere's structure, composition,
temperature and location of clouds, as well as information on
small-scale atmospheric dynamics.

Tyler likened the refraction effect to how a sunset appears
on Earth, as the Sun seems to linger at the horizon before it
disappears. "You would think that the Sun would appear to keep
moving. But because its light is being refracted, you can
continue to see it as the Sun seems to stand still for a few
moments," he explained.

In addition to studying atmospheres of planets and moons,
scientists have used the Voyagers' radio systems during the
mission to investigate the rings surrounding planets. As the
spacecraft flies behind a ring system, changes in the radio
signal provide information not only on the rings' overall
dimensions but also on the particles that constitute the rings.

Also, the radio experiment is able to detect minute changes
~4n Voyager's velocity as it curves past each planet, offering a
detailed look at the planet's gravity field.

Some of the most significant findings from the radio
experiment during the l2-year Voyager Mission have included
revelations on the nitrogen atmosphere surrounding and the
surface pressure at Saturn's largest moon, Titan; measurements on
wave-like structures within Saturn's sprawling rings and the
sizes of particles that constitute them; detection of a methane
cloud layer in the atmosphere of Uranus; and the nature of
Uranus's coal-black rings.

The experiment also has provided data on the densities of
moons at planets the Voyagers have visited, as well as the
planets' gravity fields. In concert with the Voyagers' infrared
interferometer spectrometer and radiometer instrument, the radio
science experiment additionally has determined the ratio of
hydrogen to helium, the two overwhelmingly dominant elements in
the atmospheres of each of the planets.

As Voyager 2 headed into the outer solar system, its radio
signal received at Earth became fainter. During the Neptune
flyby, the signal strength at Earth will be 1/36th of what it was
when the Voyagers flew by Jupiter. The collaboration with ISAS
will help offset the diminished signal, Tyler explained. -

= more -



During Voyager 2's closest approach to Neptune, radio
science data will be recorded at NASA's Deep Space Network
station in Canberra, Australia; at the Parkes Radio Observatory
in Australia; and at the Usuda center in Japan.

Each receiver is linked to an atomic clock which gives an
exceedingly precise time-stamp to the received radio signal.
This allows the recorded signals from all the stations to be
combined later so that they mesh closely, with the peaks and
troughs of the radio waves matching almost exactly.

The combined signal then is analyzed to yield the
experiment's science data. Factors such as the chemistry and
temperature of a planet's atmosphere will have minute, but
measurable, effects on the signal's frequency and strength.

Tyler noted that his team studies frequency changes that
amount to only one one-hundredth of a cycle per second in a
signal from Voyager 2 being transmitted at a frequency of
billions of cycles per second. That is similar, he said, to
measuring a change in position of 1/25th of an inch from an
observing position 3 billion miles away.

"The best ear of any trained musician can detect a change of
a partial musical step, which is some number of cycles per
second," Tyler added. "Needless to say, the changes we study in
Voyager's radio signal are much more subtle than that."

Opened in October 1984, the Usuda Deep Space Center is set
in the mountains of Japan's Nagano Prefecture at 4,777 feet above
sea level, some 60 miles northwest of Tokyo.

In addition to performing tracking, telemetry and commanding
for Japan's solar system missions, such as the Suisei and
Sakigake spacecraft which flew by Comet Halley in 1986, the Usuda
center supports experiments involving sounding rockets and
balloons.

The Deep Space Network, which includes complexes in the
California desert and Spain in addition to the Australian site,
is managed by the Jet Propulsion Laboratory for NASA's Office of
Space Operations. The Parkes Radio Observatory in Australia is
operated by the Commonwealth Scientific and Industrial Research
Organization.

JPL manages the Voyager Project for NASA's Office of Space
Science and Applications.

- end - -
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RELEASE: 89-134

VOYAGER SPACECRAFT DETECTS RADIO EMISSIONS FROM NEPTUNE

NASA's Voyager 2 spacecraft has detected intense radio
emissions from Neptune, indicating that the planet has a magnetic
field.

The discovery, made by Voyager 2's planetary radio astronomy
instrument team at NASA's Jet Propulsion Laboratory, Pasadena,
Calif., greatly increases the likelihood that the spacecraft will
discover a wide range of interesting phenomena related to a
magnetic field, such as aurora and possible radiation-darkened
ring arcs and moons.

The emissions are generated around planets by high-velocity,
charged particles as they spiral along magnetic field lines into
the planet's atmosphere.

At Neptune, "the radio emissions are very intense, very
impulsive and occur in a limited range of frequency," said Dr.
James Warwick, principal investigator on the planetary radio
astronomy experiment. The emissions, he added, are polarized,
"so we know we're dealing with a magnetic field. The source is
not lightning. It is related to energetic particles interacting
in a magnetic field."

A planetary magnetic field is a girdle of magnetic field
lines that surround a planet. Such fields are thought to be
generated by fluid motion in a planet's core (molten iron in
Earth's core, for example). Mercury, Earth, Jupiter, Saturn and
Uranus have magnetic fields, while Venus and Mars do not.
Whether Pluto has one or not is not known.

- more -



While the Neptunian radio emissions only were confirmed """
TtTTTtoday, Warwick said that in looking back over Voyager data, the
emissions were heard by -the planetary radio astronomy instrument
as early as Aug. 14. The emissions were not immediately
recognized as being associated with Neptune, however, because
their character "was so different from what we were expecting,"
Warwick said.

Early analysis indicates that Neptune's magnetic field is of
an intensity similar to the magnetic fields of Earth and Uranus,

Voyager 2's close flyby over Neptune's northern hemisphere
will allow the spacecraft's complement of instruments to
determine Neptune's magnetic field structure and orientation.

As more data from the instrument is returned to Earth over
coming days, Warwick's team will be able to precisely define
Neptune's rotation -- the length of its day.

i

Voyager 2 will come within 3,000 miles of Neptune at 12
midnight on Aug. 24.

The Voyager mission is conducted for NASA's Office of Space
Science and Applications by the Jet Propulsion Laboratory.

- end -
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RELEASE: C(C89-P - :

MSFC CONTRACTS FOR PURCHASE OF 60 SPACE SHUTTLE EXTERNAL TANKS

NASA's Marshall Space Flight Center, Huntsville, Ala., today
awarded a $1.797 billion contract modification to the Martin
Marietta Corp., New Orleans, La., to produce 60 additional Space
Shuttle external tanks for delivery during the 1990s.

The award is the second portion of a procurement to obtain
the tanks. The first portion, awarded to Martin Marietta in June
1988, was for the long-lead hardware (parts and materials) needed
for manufacture of the tanks.

The tanks will be produced by Martin Marietta's Manned Space
Systems Co. at NASA's Michoud Assembly Facility near New
Orleans. The first tank to be built under the new contract is
expected to be completed in late 1991 and the 60th in mid-1997.
They are slated for use with Shuttle missions STS-60 through STS-
119. Under previous awards, 59 tanks have been contracted for to
support Shuttle operations, and 52 have been produced to date.

The external tank carries the Shuttle's liquid hydrogen fuel
and liquid oxygen oxidizer and supplies them under pressure to
the orbiter during lift-off and ascent. The largest and heaviest
Shuttle element when loaded, the tank is the only major non-
reusable element of the Shuttle system.

- end -
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EDITORS NOTE: STS-34)\BACKGROUND BRIEFINGS SET

The background briefings and astronaut press conference for
STS-34, the Oct. 12 flight of Space Shuttle Atlantis, are
schedpled for Sept. 5 and 6 at the Johnson Space Center, Houston.

STS-34 will deploy the Galileo spacecraft to study the
planet Jupiter.

A mission overview with the lead flight director and Galileo
spacecraft mission manager will begin at 1:30 p.m. EDT, Sept. 5,
followed at 3 p.m. by a briefing from the Galileo mission
scientist of the scientific observations to the made by the
planetary probe. Briefings on other STS-34 payloads and
experiments will follow.

The astronaut crew of STS-34 will hold a press conference at
11:15 a.m. EDT, Sept. 6.

All briefings will be carried live on NASA Select television
via Satcom F2R, transponder 13, 72 degrees west longitude. Two-
way question and answer capability will be available at NASA
Headquarters, Washington, D.C., the Jet Propulsion Laboratory,
Pasadena, Calif., the Kennedy Space Center, Fla., and the
Marshall Space Flight Center, Huntsville, Ala.

- end -
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C89-Q
NASA JOHNSON CONTRACTS FOR. ENGINEERING COMPUTATION FACILITY

NASA's Johnson Space Center (JSC), Houston, has entered into
a contractual agreement with Grumman Data Systems Corporation,
Woodbury, N.Y., for an Engineering Computation Facility (Class VI
Computer System). The system will be located in JSC's Building
46 Computer Facility.

The firm-fixed-price contract is for the period of Aug. 25,
1989, through Sept. 30, 1990, with a value of $11,118,323. If
all subseqguent options are exercised, the total firm-fixed-price
will be $47,682,033, for a period not to exceed 60 months.

The contract is an agreement for lease-to-ownership of the
Class VI system and includes installation and integration of the
system components, as well as analyst support services. NASA
will own the equipment in the event that the renewal options are
exercised.

The contract was awarded as a result of conversion of a two-
step invitation for bid to a single source negotiated
procurement.

The Engineé}ing Computation Facility, "a supercomputer," was
acquired by JSC for engineering analysis and numeric simulation
in the areas of stress, fluid dynamics, thermodynamics,
aerodynamics, guidance, navigation and contreol of large
spacecraft structures.

The use of this supercomputer will allow JSC's engineering
and scientific staff to improve their computational capability by
reducing calculation times significantly. The resulting improved
analyses techniques will provide better definition of expected
loads and help increase spacecraft performance, which may result
in larger payloads and higher orbits.

° -end-
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RELEASE: 89-135

CONTRACTS AIM AT BREAKTHROUGHS IN AIRCRAFT COMPOSITE STRUCTURES

NASA has awarded initial research and development contracts
with a potential value of $89 million to 15 aerospace companies
and universities as part of the newly established Advanced
Composites Technology (ACT) program.

Recognizing the importance of developing new, high-strength
plastics to maintaining U.S. leadership in the manufacture and
sale of commercial airliners, NASA is seeking technology
breakthroughs in these materials. Such breakthroughs would allow
structures made of epoxy-type resins and high-strength carbon
fiber to replace metal in the wings and bodies of future
transport aircraft.

Extensive use of such "composite"” components can reduce
structural weight by 40-50 percent, purchase cost by 20-25
percent and the number of individual parts by half. "Composites
are the key to maintaining our lead in the transport aircraft
industry," said Charles Blankenship, director for structures at
NASA's Langley Research Center, Hampton, Va. "The U.S. share of
the transport aircraft manufacturing market has been declining
since 1970."

Composite materials have demonstrated large weight savings
for aircraft structures and outstanding corrosion and fatigue
damage resistance. Despite these advantages, the full potential
benefits of composites have been limited by the high cost of
materials, labor-intensive manufacturing processes and inadequate
technology in structural mechanics and materials science.

- more -
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NASA's researchers hope for breakthroughs in structural
concepts, materials and fabrication techniques. The technology
developed through the agency's efforts will be transferred to
U.S. government agencies and to the American aircraft industry.
To help meet these ambitious objectives, NASA is asking industry,
government and universities for "innovative ideas for the
efficient and cost-effective use of lightweight composite
materials” in aircraft manufacturing. The ACT program is an
important part of the overall composites effort.

The development of a solid structural mechanics technology
data base will make the ACT objectives attainable. It will
provide scientific understanding of failure mechanisms and
establish true limits of performance so that design and analysis
procedures may be applied to an airplane's primary structures.
Currently, transport aircraft use composite materials only in
secondary structures such as control surfaces, spoilers and
trailing edge panels.

The multiple-year program will be managed by Langley, under
the overall direction of NASA's Office of Aeronautics and Space
Technology, NASA Headquarters, and will be conducted in three
major phases.

Phase | is called the “"technology innovation" phase. It
will last about 36 months, and will focus on basic research in
materials and structures to define and develop unique and
innovative structural concepts that fully exploit the potential
benefits of composites, yet are efficient and cost-effective.

Phase 1, the "technology development” phase, also is slated
to last 36 months, with the major thrust beginning about mid-
1991. It will concentrate on the most promising concepts
evolving from Phase | for scale-up to element and component-level
tests and analyses that will provide the basis for an integrated
technology data base.

The first two phases are designed to provide the fundamental
technology necessary for Phase Il (the "verification" phase), a
currently unfunded part of the program with a planned duration of
three to four more years. Phase lll represents a significant
effort to establish cost and weight effectiveness on full-scale
components. This part of the ACT program would establish
affordable technology for the development of transport and
fighter aircraft primary structures by the mid-1990's.

- more -



Funding for the first two phases totals $142 million,
including the following recently awarded contracts: Boeing
Commercial Airplanes, $22.6 million; Lockheed Aeronautical
Systems Company, $22.5 million; McDonnell Douglas Corporation,
$23.7 million; Northrop Corporation, $5.2 million; Grumman
Aircraft Systems, $2.7 million; Sikorsky Aircraft Division, $1.1
million; Dow Chemical Company, $6.0 million; Hercules Aerospace
Corporation, $1.1 million; University of Utah, $.8 million and
$.2 million; BASF Structural Materials, Inc., $1.8 million;
Stanford University, $.5 million; Rockwell International, $.4
million; University of Delaware, $.3 million; and University of
California at Davis, $.2 million.

About 60 percent of the program will be implemented through
these contracts, and additional contracts are planned for
emerging opportunities in advanced composite materials and
structures technologies that have high potential for aircraft
applications. In addition, in-house research at both Langley and
NASA Lewis Research Center, Cleveland, will represent a

significant part of the program.

-end -
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RELEASE: 89-136
NASA DESIGNATES 17 SPACE GRANT COLLEGES/CONSORTIA

NASA today announced the selection of 17 universities and
consortia as Designated Space Grant Colleges/Consortia in the first
element of NASA's new National Space Grant College and Fellowship
Program.

The program was mandated by Congress in 1987. lts first
element names certain schools or consortia of schools as Designated
Space Grant Colleges/Consortia. These designated institutions,
which are already significantly involved in space-related
activities, will receive grants and fellowships. The designated
colleges/consortia were selected based on a competitive evaluation
of the institutions' existing aerospace activities as well as the
quality of their plans to strengthen the national educational base
for science, math and technology.

The original program announcement forecast the number of
expected space grant college designations as no more than 12, due
to anticipated budget limitations. However, NASA Administrator
Richard H. Truly decided to extend designations to 17
colleges/consortia in response to the high quality of the proposals
received and as an indicator of NASA's desire to get this important
program off to a strong start.

Truly said, "l expect this program to have a very significant
educational impact throughout the nation, by enhancing the training
of future scientists and engineers at the university level, as well
as by improving the teaching of science, mathematics and technology
at the elementary and secondary levels.”

The Designated Space Grant Colleges/Consortia will provide
leadership and form partnerships with other universities,
government and industry to better understand, develop and use space
resources through research, education and public service functions.

- more -
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The 17 designated universities and consortia, listed in
alphabetical order, are: Alabama Space Grant Consortium; Arizona
Space Grant College Consortium; California Space Grant Consortium;
Colorado Space Grant Consortium; Cornell Space Grant Consortium;
Florida Space Grant Consortium; Georgia Institute of Technology Grant Consortium
Fund; Aerospace lllinois Space Grant Consortium; The Johns Hopkins Space
Grant Consortium; Massachusetts Institute of Technology; Michigan
Space Grant College Program; Ohio Aerospace Institute; Pennsylvania
State University; Rocky Mountain Space Grant Consortium; Texas
Space Grant Consortium; Virginia Space Grant Consortium; and the
University of Washington. NASA expects to designate additional
Space Grant Colleges/Consortia in future years as funds become
available and as schools expand their capabilities in the space
area.

These Designated Space Grant Colleges/Consortia will receive
funding for 5 years. In fiscal year 1989 each designee will
receive $75,000. In subsequent years, the institutions will
receive up to $225,000 per year and are expected to obtain, as a
minimum, matching non-Federal funds. In addition, these designated
institutions will receive $100,000 funding to support fellowships
for undergraduate and graduate students beginning in fiscal year
1990.

"The National Space Grant College and Fellowship Program will
help maintain America's leadership in aerospace research, training
and education,” Adm. Truly said. "The investment in these
universities and consortia will greatly impact and nourish all
levels of education. | am very pleased with the growing aerospace
education programs and the strong desire of universities to expand
and coordinate these activities. In light of the President's
recently announced space exploration initiative, this program will
be key to attracting and developing future generations of the most
talented engineers and space scientists."

The National Space Grant College and Fellowship Program
comprises three elements: (1) designation of Space Grant
Colleges/Consortia which will provide for a national network of
universities and colleges; (2) awards to support space grant
programs at other institutions that will expand participation of
colleges/universities/consortia that have not been as extensively
involved in aeronautics and space research and education; and (3)
space grant fellowships that will be made available to students at
institutions selected in the first two elements. The first of the
elements is the subject of this announcement. The second and third
elements of the National Space Grant College and Fellowship Program
will be initiated in fiscal year 1990.

A list of consortium institutions can be obtained by phoning
the NASA Headquarters Newsroom on 202/453-8400.

-end -
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GSFC OPERATIONS AND MAINTENANCE SERVICES CONTRACTOR SELECTED

NASA's Goddard Space Flight Center, Greenbelt, Md., has
awarded a cost-plus-award-fee contract, through the Small
Business Administration's Section 8 (a) program, to E. L. Hamm
and Associates, Inc., Norfolk, Va. This contract provides
centerwide plant operations and maintenance services.

The contract is effective Sept. 1, 1989, and consists of a
l-year basic contract period with four l-year priced options.
The 5-year total estimated cost, including base fee and maximum
award fee, is $32,216,742.

The contractor will operate and perform broad and
comprehensive plant operations and maintenance services for all
facilities and eguipment located at the Goddard Space Flight
Center. The effort includes, but is not limited to, project
management, building operations and maintenance, special
operations and maintenance, alterations and modifications and
work reception and management.

~
~
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RELEASE: 89-137

INTELSAT SELECTED FOR USE OF TDRS C-BAND

NASA today concluded an agreement with INTELSAT, Washington,
D.C., for the use of the C-band capacity on two Tracking and Data
Relay Satellites (TDRS) for international telecommunication
purposes. INTELSAT may initiate testing and C-band services upon
the completion of NASA's final operational preparations later
this year.

NASA received bids for the C-band services on July 7, 1989.
The bids resulted from a June 12, 1989, solicitation package from
NASA's Office of Space Operations, Washington, D.C., in which 11
organizations expressed interest.

In return for its bid of $51 million, INTELSAT will have the
use of 24 C-band transponders on the TDRS satellites at 41
degrees and 171 degrees West longitude, utilizing the C-band
service for a period of 6 years. Each satellite has twelve 36-
MHZ C-Band transponders available.

NASA will provide station-keeping control to 0.1 degree and
perform operational tracking, telemetry and command for the
spacecratft.

The two TDRS spacecraft are part of NASA's new space-based

network for tracking and communication with the Space Shuttle and
other spacecraft in low-Earth orbit.

-end-
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RELEASE: 89-138
U.S.-U.S.S.R. LIFE SCIENCE INVESTIGATIONS TO BE LAUNCHED

More than 85 NASA-sponsored researchers from 19 states and
three foreign countries are participating in 29 cooperative
investigations on a Cosmos biosatellite mission to be launched by
the Soviet Union on September 8, 1989.

The Cosmos biosatellite is an unpiloted recoverable
spacecraft that accommodates plant and animal experiments.
Cooperative investigations on the 14-day Cosmos '89 mission will
address questions related to the biomedical effects of prolonged
space flight. Biological specimens on the mission include rhesus
monkeys, rats, fish, fish eggs, newts, drosophila, beetles,
seeds, unicellular organisms and planaria. Investigations cover
bone and muscle alterations, circadian rhythms and
thermoregulation, neurophysiology, radiation biology and
gravitational biology.

Nearly 3,000 biological samples from the Cosmos '89
mission's flight and control groups of subjects will be returned
to laboratories across the United States for analysis. Many of
the cooperative U.S.-Soviet investigations on this mission will
expand upon investigations flown on previous Cosmos missions.
The last Soviet biosatellite mission, Cosmos 1887, launched on
September 29, 1987, was a 13-day mission that involved 60 U.S.
investigators in cooperative experiments. Results of these
investigations were announced at a science symposium in Moscow in
late 1988. Data were obtained on radiation dosimetry; changes in
rodent bone, muscle, and organs; and bone tissue calcium loss in
primates.

-more-
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The Cosmos '89 mission is the seventh Soviet biosatellite
mission in which NASA has participated. The U.S.S.R. also has
invited the United States to participate in cooperative
investigations on a 1992 Cosmos mission. A NASA Research
Announcement released in June 1988 solicited proposals for
participation in the 1989 and 1992 Cosmos missions.

NASA's space medicine and biology program has benefited from
scientific cooperation with the U.S.S.R. on Cosmos missions
through the opportunity to conduct experiments with animal
subjects on the effects of long-duration flights.

U.S. participation in Cosmos investigations is currently
coordinated by the U.S.-U.S.S.R. Joint Working Group on Space
Biology and Medicine, established under the U.S.-U.S.S.R. Space
Science Cooperation Agreement signed in April 1987.

-end-



NNASA News

National Aeronautics and
Space Administration

Washington, D.C. 20546
AC 202-453-8400

#
SR

For Release:

Lisa Fowler
Kennedy Space Center, Fla.
(Phone: 407/867-2468)

Nancy Lovato
ames-Dryden Flight Research Facility, Edwards, Calif.
(Phone: 805/258-8381)

EDITORS NOTE: STS-34 NEWS MEDIA ACCREDITATION

NASA is accepting accreditatien requests for news media to
cover the Space Shuttle Atlantis mission (STS-34), currently tar-
geted for launch no earlier than October 12.

'All news organizations wishing to send representatives to
cover STS-34 must send a letter requesting accreditation for the
mission. Previous requests for credentials do not apply to sub-
sequent missions and new letters must be submitted.

Reguests for credentials, launch through landing, should be
submitted to:

NASA John F. Kennedy Space Center
PA-PIB/Accreditation
Kennedy Space Center, FL 32899

Please indicate the NASA location(s) from which you plan to
cover the mission. Media planning to cover the landing only
should submit their requests for accreditation to:

NASA Ames-Dryden Flight Research Facility
Attn: DXI/Public Affairs

P.O. Box 273

Edwards, CA 93523

= more -
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Requests for accreditation must be made by a supervisory of-
ficial other than the applicant on company letterhead, clearly
indicating the assignment (reporter, photographer, technician,
etc.) and social security number of each individual. Freelance
writers and photographers must offer proof of assignment or
evidence of past professional activity. The accreditation will
be valid for all NASA news centers.

NASA ground rules for newspersons covering the mission are:

o] NASA can make no travel or housing arrangments.

o Only working newspersons will be accredited at the news
centers. Publishers and other news and advertising ex-
ecutives will not be accredited. These individuals

should apply to NASA Public Servi